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SPECIFICATION 

Dioxide compounds, processes for their manufacture, and their use 

The invention relates to novel 2,2-dimethylpenam-3-carboxylic acid 1 ,1 -dioxide compounds, 
processes for the manufacture of these compounds, their use for the Inhibition of ^-lactamases, 
5 pharmaceutical preparations containing such compounds optionally together with another antibiotically 5 
. active /3-lactam compound, and the use of such preparations. 

Some 1 ,1 -dioxides of penam-3-carboxylic acid compounds having /Mactamase-inhibiting 
properties are already known. For example, 2,2-dimethylpenam-3-carboxylic acid 1,1 -dioxide and 
esters thereof are known from Belgian Patent Specification BE 867 859. The 1 ,1 -dioxides of penam-3- 
1 0 carboxylic acid substituted in the 2-position optionally by a methyl group, and their esters, are described 1 0 
in European Patent Application 891 7. Corresponding penam compounds substituted in the 6-position 
by an amino group are known from European Patent Application 2927 and those substituted in the 6- 
position by substituted hydrocarbon radicals having more than one carbon atom are known from 
European Patent Application 5889. 
1 5 2,2-Dimethy!penam-3-carboxylic acid 1 ,1 -dioxide compounds substituted in the 6-position by 

substituted methyl have not hitherto been described. The surprising discovery has been made that such 
compounds have, in addition to antibiotic properties, especially superior /Hactamase-inhibiting 
properties. They are therefore suitable, especially in combination with /Hactamase-sensitive /Mactam 
antibiotics, for combating infections, especially those caused by microorganisms producing /$- 
20 lactamase. . 

The invention relates especially to 2,2-dimethylpenam-3-carboxylic acid 1 ,1-dioxide compounds 

of the formula 



15 



20 




ft 



(I), 



in which 

25 R, represents hydroxy or etherified or esterified hydroxy, and 25 
R 2 represents carboxyl or protected carboxyl, 

and salts of such compounds having a salt-forming group, processes for the manufacture of these 
compounds, their use for inhibiting /3-lactamases, pharmaceutical preparations containing such 
compounds optionally together with an antibiotically active ^-lactam compound, and the use of such 

30 preparations. 30 
N In the present description of the invention, the term "lower" used in connection with definitions of 
groups and compounds, for example in groups such as lower alkyl, lower alkylene, lower alkoxy or lower 
alkanoyl, or in compounds such as lower alcohol and the like, means that the respective groups or 
compounds, unless expressly defined otherwise, contain up to 6, preferably up to 4, C-atoms. 

35 An etherified hydroxy group R, is a group R? — 0 — , in which R? represents especially an optionally 35 

substituted hydrocarbon radical or an organic silyl or stannyl group. 

An optionally substituted hydrocarbon radical R? has up to 1 8 C-atoms and is, for example, a lower 
aliphatic, cycloaliphatic, cycloaliphatic-aliphatic, aromatic or araliphatic radical, which may be 
substituted, for example, by lower alkyl, lower alkoxy, halogen, oxo, hydroxy, optionally functionally 

40 modified carboxy, optionally lower alkylated amino or a corresponding protected group, or alternatively 40 
- by heterocyclyl. 

A lower aliphatic radical R? is, for example, lower alkyl, especially having from 1 — 6, preferably 
f rom 1 — 4, C-atoms, for example methyl, ethyl, propyl or butyl, lower alkenyl, especially having from 
. 2 — 5 C-atoms, for example vinyl, propenyl or butenyl, or lower alkynyl, especially having from 2 — 5 C- 
45 atoms, for example ethynyl or propynyl. 45 
A cycloaliphatic radical R? is cycloalkyl having from 3 — 8, especially from 3 — 6, C-atoms, for 
example cyclopropyl, cyclobutyl, cyclopentyl or cyclohexyl. 

A cycloaliphatic-aliphatic radical R? is one of the mentioned aliphatic radicals that is substituted by 
one of the mentioned cycloaliphatic radicals, for example cyclopropylmethyl or -ethyl, or 
50 cyclohexylmethyl or -ethyl. 50 
An aromatic radical Rf is especially phenyl or naphthyl. 
' An araliphatic radical R? is one of the mentioned aliphatic radicals that is substituted by one to 



2 
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three of the mentioned aromatic radicals, for example mono-, di- or triphenyl-lower alkyl, for example 
benzyl, phenethyl,diphenylmethyl ortrityl. 

Of the substituted hydrocarbon radicals Rf, the following may be mentioned: lower alkoxy-lower 
alkyl, for example methoxy methyl, 1 - or 2-methoxyethyl and 1 - or 2-ethoxyethyl, halo-lower alkyl, for * 
5 example 2-fluoro-, 2-chloro-, 2-bromo- and 2-iodoethyl, oxo-lower alkyl, for example acetonyl, 5 
optionally protected, for example acylated, hydroxy-lower alkyl, for example 2-hydroxyethyl and 
acetoxyethyl, optionally esterified carboxy-lower alkyl, for example 2-carboxymethyl and 2- 
ethoxycarbony I methyl, amino- and mono- or di-Iower alkylamino-lower alkyl, for example 2-aminoethyl, 
2-methylaminoethyI, 2-dimethylaminoethyl and acylamino-lower alkyl, for example 2-acetamidoethyl, 

1 0 lower alkylphenyl, for example tolyf and xylyl, lower alkoxyphenyl, for example methoxyphenyl, 1 0 

halophenyl, for example fluoro- or chlorophenyl, hydroxyphenyl, carboxyphenyl and aminophenyl, in 
which the substituents may be in the o-, m- or p-position of the phenyl nucleus, phenacetyl, and 
heterocyclyl-lower alkyl, especially heterocyclylmethyl, in which heterocyclyl represents, for example, 
furyl, thienyt, imidazolyl, triazolyl, tetrazolyl, thiazolyl, isothiazolyl, thiadiazolyl, thiatriazolyl, oxazolyl, 

1 5 isoxazolyl, oxadiazolyl, pyridyl, pyridazinyl or pyrimidyl, each of which is optionally substituted, for 1 5 

example, by lower alkyl, hydroxy, esterified hydroxy, halogen, sulpho, amidated sulpho, amino or 
aminomethyl, for example 2 -furyl-, 5-aminomethyl-2 -furyl-, 2-thienyl-, 5-aminomethyl-2-thienyl, 2- 
imidazolyh 1 ,2,3-triazol-4-yl-, 2-amino-1 ,3-thiazoI-5-ylmethyl, or 5-amino-1 ,2,4-thiadiazol-3- 
ylmethyl. 

20 An organic silyl or stannyl group R^ is especially one in which the silicon or tin atom, respectively, 20 
preferably contains as substituents lower alkyl, especially methyl, also lower alkoxy, for example 
methoxy, and/or halogen, for example chlorine. Corresponding silyl or stannyl groups are especially tri- 
lower alkylsilyl, especially trimethylsilyl, also dlmethyl-tert-butyl-silyl, lower alkoxy-lower alkyl-halo- 
silyl, for example methoxy methyl-chloro-sily I, or di-Iower alkyl-halo-silyl.. for example dimethyl-chloro- 

25 silyl, or correspondingly substituted stannyl, for example tri-n-butylstannyl. 25 
An esterified hydroxy group R t is a group RlJ — 0 — , in which Rlf represents the acyl radical of an 
organic carboxylic or sulphonic acid or of an inorganic acid. 

The acyl radical R, of an organic carboxylic acid has up to 1 9 C-atoms, and includes also the acyl 
radical of a semiester of carbonic acid and of an optionally substituted carbamic acid. Such acyl radicals 

30 have, for example, the formula H — CO — , RJ — COr—, heterocyclyl-CO — , Rf— O — CO, H 2 N— CO — and 30 
RfRfN — CO — , in which Rf and heterocyclyl have the meanings given above. 

The acyl radical R^ of an organic sulphonic acid has, for example, the formula R? — S0 2 — , in which 
Rf has the meanings given above of an optionally substituted hydrocarbon radical. 

The acyl radical R^ of an inorganic acid is, for example, that of an oxygen-containing sulphuric or 

35 phosphoric acid, for example H0S0 2 — or H 2 P0 3 — . 35 
Preferably, R, represents hydrogen, lower alkoxy, for example methoxy, phenyl-lower alkoxy, for 
example benzyloxy, or alternatively lower alkanoyloxy, for example formyloxy or acetoxy, 
aminothiazolylcarbonyloxy, for example 2-amino-1 ,3-thiazol-4-ylcarbonyloxy, 
aminothiadiazolylcarbonyloxy,for example 5-aminp-1,2,4-thiadiazol-3-ylcarbonyloxy, lower 

40 alkoxycarbonyloxy, for example methoxycarbonyloxy or ethoxycarbonyloxy, carbamoyloxy, N-mono- or 40 
N,N-di-lower alkylcarbamoyloxy, for example N-methylcarbamoyloxy or N,N-dimethylcarbamoyloxy, 
lower alkanesulphonyloxy, for example methanesulphonyloxy, arenesulphonyloxy, for example 
benzenesulpohonyloxy or toluenesulphonyloxy, or hydroxysulphdnyloxy (or a salt thereof, for example 
the sodium salt). 

45 R t is especially hydroxy. 45 

The functional groups present in compounds of the formula (I), especially carboxyl and amino 
groups, but also hydroxy and sulpho groups, are optionally protected by protecting groups that are used 
in penicillin, cephalosporin and peptide chemistry. 

Such protecting groups can be split off readily, i.e. without undesired side reactions taking place, 

50 "for example by solvolysis, reduction, photolysis or alternatively under physiological conditions. 50 
Protecting groups of this type and also the manner in which they are split off are described, for 
example, in "Protective Groups in Organic Chemistry", Plenum Press, London, New York, 1 973, in "The 
Peptides", vol. I, Schroder and Lubke, Academic Press, London, New York, 1 965, and in "Methoden der » 
organischen Chemie", Houben-Weyl, 4th edition, vol. 1 5/1 , Georg Thieme Verlag, Stuttgart, 1 974. 

55 Thus, carboxyl groups, for example the carboxyl group R 2 , are protected usually in esterified form, 55 
such ester groupings being readily splittable under mild conditions. Carboxyl groups protected in this „ 
manner contain as esterifying groups especially lower alkyl groups branched in the 1 -position or 
suitably substituted in the 1 - or 2-position. Preferred carboxyl groups present in esterified form are, inter 
alia, tert.-lower alkoxycarbonyl, for example tert,-butoxycarbonyl; arylmethoxycarbonyl having one or 

60 two aryl radicals, these representing phenyl radicals optionally mono- or pdy-substituted, for example by 60 
lower alkyl, such as tert.-lower alkyl, for example tert.-butyl, lower alkoxy, such as methoxy, hydroxy, 
halogen, for example chlorine, and/or by nitro, such as benzyloxycarbonyl optionally substituted, for 
example as indicated above, for example 4-nitrobenzyloxycarbonyl or 4-methoxybenzyloxycarbonyl, or 
diphenylmethoxycarbonyl optionally substituted, for example as indicated above, for example 

65 diphenylmethoxycarbonyl or di-(4-methoxyphenyl)-methoxycarbonyl; 1 -lower alkoxy-lower 65 
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fuSSSSSSSS&^l aroylmethoxycarbonyl in which the aroyl group represents benzoyl 
' ZS^X^SLt. for example by halogen, such as bromine for «-.^^^^' *" 5 

5 £mS^^ 

^JSb^3hS5 for example, up to 15 carbon atoms, such as oor =d ,„ g optiona.iy 
1 o substituted lower alkyl, phenyl-lower alkyl. cycloalkyl or phenyl, for example 2-tn-lower 
atSy etho^carbonyl such 

e hoxvca^bonvl or 2-triarylsilylethoxycarbonyl, such as 2-triphenylsilylethoxycarbony I. 
eth Tu a rt r h b e°r rotected c^rboxyl groups present in ^^ e ^S^!^^^ 
groups, especially organic methyl ! 5 

1 5 In these groups, the silicon or tin atom P r ^Xloaen for example chlorine. Suitable silyl or 

sTn'yfp^ 

tert butv s ST ower alkoxy-lower alkyl-halo-silyl. for example methoxy-methyl-chloro-s.lyl. or d,-lower 
alkyl-halo -silyl foTexample dimethyl-chloro-silyl, or correspondingly substituted stannyl groups, for ^ 

20 ^^^SSS^ groups are tert.-lower a.koxycarbonyl such . » 

and especially benzyloxycarbonyl optionally substituted, for example as ind.cated above, such as 4 

2B acvtowme^^rSny^raup i£ which acyl represents, for example, the radica of an organic 25 
" IZS ^acZspec Jly of an optionally substituted lower -^^JgSS^^ 

a kanovCmethoxycarbonyl. for example acetoxymethoxycarbonyl or pivaloyloxymetho^carbonyl. 
30 SSSlmrtW*^ especially «-amino-lower elk anoyloxyme Jhoxyca*onyl. for 30 

examole . alvcvloxymethoxyca bonyl, L-valyloxymethoxycarbonyl, L-leucyloxymethoxycarbonyl, 
SSd^Sb^ ft^example 2-phthalidyloxycarbonyl, 4-crotonolactonyl or gamma-butyrolacton- 
S^lndaS-oony.. for example t 

Stan tT^ -ample, the acy. radica. of an organic carboxyiic 

acid havmo ?for example, up to 1 8 carbon atoms, especially of an alkanecarboxyhc acid optionally 
substituted fo examp e by halogen or aryl, or of a benzoic acid optionally subst.tuted. for example by 
An ^SS^^SSSt nhro or of a carbonic acid semiester. Such acyl groups are, for example, lower 40 

45 buSxvSbonyl ^arylmetho^VaTbonyl having one or two aryl radicals that preferably represent phenyl 
nSallv mCno^ or poly-substituted, for example by lower alkyl, especially tert-lower alkyl, such as 
S ™S\ Towe° r S such a methoxy, hydroxy, halogen, for example chlorine, and/or ^by n,tro such 
as optional J substituted benzyloxycarbonyl, for example 4-nitrobenzyloxycarbonyl, or subst.tuted 

C n dioClmethoxycarbonyl, for example benzhydryloxycarbonyl or di-(4-methoxyphenyl)- 5( 

50 ™X£aS^ in which the aroyl group preferably represents benzoyl 

optSy S uteSyfor example by halogen, such as bromine, for example phenacyloxycarbonyl. 2- 
ha oTowL alkoxvcarbonyl, for example 2,2,2-trichloroethoxycarbonyl, 2-chloroethoxycarbonyl 2- 
* ^ZZZT^lZoexHoU^ or 2-<tri-substituted sHy, I^^Z^IT 5, 

cc of th e substituents independently of one another, represents an aliphatic, aral phat.c, cycloal.phatic or b. 
nm£ ^ydSrradical optionally substituted for example by lower alkyl, lower alkoxy aryl 
" SSSSSSSi having, for'example. up to 1 5 carbon atoms, such as corresponding optionally 
substituted lower alkyl, phenyl-lower alkyl. cycloalkyl or phenyl for exampl e 2- rMowe 
alkylsilylethoxycarbonyl. such as 2-trimethylsIlylethoxycarbonyl or 2-{d.-n-butyl-methyl-s.lyl)- 

fi0 e hoxySbonyi, or 2-triarylsilylethoxycarbonyl,such as 2-triphenylsilylethoxycarbonyl. 6 

60 etnox V° ar °° I ' , radicals Y tha y t come into consideration as amino-protecting groups are also 
corresponding rad cals of organic phosphoric, phosphonlc or phosphinic acids, such as d.-lower 
JKSl for example dimethylphosphoryl. diethylphosphoryl. d'-n-propvlphosphoryl or 
h ! icn n rn n u I n h n so h o rvl dicvcloalkylphosphoryl, for example dicyclohexylphosphoryl. optionally 

65 s d 3t^^^ diphenyl-lower alky.phosphoryl 6 
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optionally substituted, for example by nitro, for example dibenzylphosphoryl or di-4- 
nitrobenzylphosphoryl, optionally substituted phenoxy-phenyl-phosphonyl r for example phenoxy- 
phenyl-phosphonyl, di-lower alkylphosphinyl, for example diethylphosphinyl, or optionally substituted 
diphenylphosphlnyl, for examople diphenylphosphinyl. . 
5 In an arylmethylamino group that represents a mono-, di- or especially tri-arylmethylamino group, 5 

the aryl radicals are especially optionally substituted phenyl radicals. Such groups are, for example, 
benzylamino, diphenylmethylamino and especially tritylamino. m 

An etherified mercapto group in an amino group protected by such a radical is especially arylthio 
or aryllower alkylthio in which aryl is especially phenyl optionally substituted, for example by tower alkyl, 

1 0 such as methyl or tert -butyl, lower alkoxy, such as methoxy, halogen, such as chlorine, and/or nitro. A 1 0 
corresponding amino-protecting group is, for example, 4-nitrophenylthio. 

In a 1-acyl-lower-en-2-yl radical that may be used as an amino-protecting group, acyl is, for 
example, the corresponding radical of a lower alkanecarboxylic acid, of a benzoic acid optionally 
substituted, for example by lower alky!, such as methyl or tert.-butyl, lower alkoxy, such as methoxy, 

1 5 halogen, such as chlorine, and/or nitro, or especially of a carbonic acid semiester, such as a carbonic 1 5 
acid lower alkyl semiester. Corresponding protecting groups are especially 1 -lower alkanoylprop-l-en- 
2-yl, for example 1-acetylprop-1-en-2-yl, or 1 -lower alkoxycarbonylprop-1-en-2-yl, for example 1- 
ethoxycarbonylprop-1 -en-2-yl. 

A silylamino or stannylamino group is especially an organic silylamino or stannylamino group in 

20 which the silicon or tin atom contains as substituents preferably lower alkyl, especially methyl, but also 20 
lower alkoxy, for example methoxy, and/or halogen, for example chlorine. Corresponding silyl or stannyl 
groups are especially tri-lower alkylsilyl, especially trimethylsilyl, but also dimethyl-tert.-butyl-silyl, 
lower alkoxy-lower alkyl-halo-silyl, for example methoxy-methyl-chloro-silyl, or di-lower alkyl-halo-silyl, 
for example dimethyl-chloro-silyl, or correspondingly substituted stannyl, for example tri-n-butylstannyl. 

25 An amino group may also be protected in protonated form; corresponding anions that come into 25 
consideration are especially those of strong inorganic acids, such as hydrohalic acids, for example the 
chlorine or bromine anion, or of organic sulphonic acids, such as p-toluenesulphonic acid. 

Preferred amino-protecting groups are acyl radicals of carbonic acid semiesters, especially tert- 
butoxycarbonyl, benzyloxycarbonyl optionally substituted, for example as indicated, for example 4- 

30 nitrobenzyloxycarbonyl, or diphenylmethoxycarbonyl, or 2-halo-lower alkoxycarbonyl, such as 2,2,2- 30 
trichloroethoxycarbonyl, and also trityl or formyl. 

Hydroxy-protecting groups are, for example, acyl radicals, such as lower alkanoyl optionally 
substituted, for example by halogen, such as 2,2-dichloroacetyl, or especially the acyl radicals of 
carbonic acid semiesters mentioned in connection with a protected amino group, especially 2,2,2- 

35 trichloroethoxycarbonyl, or the organic silyl or stannyl radicals Rf, also etherifying groups that can 35 
readily be split off, such as tert-lower alkyl, for example tert.-butyl, 2-halo-lower alkyl, for example 
2,2,2,-trichloro-, 2-chloro- 2-bromo- or 2-iodo-ethyl, 2-oxa- or 2-thia aliphatic or-cycloaliphatic 
hydrocarbon radicals, especially 1 -lower alkoxy-lower alkyl or 1 -lower alkylthio-lower alkyl, for example 
methoxymethyl, 1 -methoxyethyl, 1-ethoxy ethyl, 1-methylthiomethyl, 1-methylthioethyl or 1- 

40 ethylthioethyl, or 2-oxa- or 2-thia-cycloalkyl having from 5 to 7 ring atoms, for example 2- 40 
tetrahydrofuryl or 2-tetrahydropyranyl or corresponding thia analogues, and also optionally substituted 
1 -phenyl-lower alkyl, such as optionally substituted benzyl or diphenylmethyl, there coming into 
consideration as substituents of the phenyl radicals, for example, halogen, such as chlorine, lower 
alkoxy, such as methoxy, and/or nitro. 

45 A protected sulpho group is especially an esterified sulpho group, such as a suipho group esterified 45 
by an aliphatic, cycloaliphatic, cycloaliphatic-aliphatic, aromatic or araliphatic alcohol, for examle a 
lower alkanol, or by a silyl or stannyl radical, such as tri-lower alkylsilyl. In a sulpho group, the hydroxy 
group may be etherified, for example, in the same manner as the hydroxy group in an esterified carboxy 
group. 

50 Salts of compounds according to the invention are especially pharmaceutically acceptable non- 50 

toxic salts, such as those of compounds of the formula I having acid groups, for example having a free 
carboxyl or sulpho group. Such salts are especially metal or ammonium salts, such as alkali metal and 
alkaline earth metal salts, for example sodium, potassium, magnesium or calcium salts, and also 
ammonium salts with ammonia or suitable organic amines, there coming into consideration for the salt • 

55 formation especially aliphatic, cycloaliphatic, cycloaliphatic-aliphatic or araliphatic primary, secondary 55 
or tertiary mono-, di- or poly-amines and also heterocyclic bases, such as lower a Ikyla mines, for 
example triethylamine, hydroxy-lower alkylamines, for example 2-hydroxyeThylamine, bis-{2- 
hydroxyethyD-amine or tris-(2-hydroxyethyl)-amine, basic aliphatic esters of carboxylic acids, for 
example 4-aminobenzoic acid 2-diethylaminoethyl ester, lower alkyleneamines, for example 1- 

60 ethylpiperidine, cycloa Ikyla mines, for example dicyclohexylamine, or benzylamines, for example N,I\T- 60 
dibenzylethylenediamine, also bases of the pyridine type, for example pyridine, collidine or quinoline. 
Compounds of the formula I having a basic group can form acid addition salts, for example with 
inorganic acids such as hydrochloric acid, sulphuric acid or phosphoric acid, or with suitable organic 
carboxylic or sulphonic acids, for example trifluoroacetic acid, and also with amino acids, such as 

65 arginine and lysine. If several acid or basic groups are present, mono- or poly-salts can be formed. 65 
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Compounds of the formula I having an acid group, for example a free carboxyl group, and a free basic 
group, for example an amino group, may also be in the form of internal salts, i.e. in zwitterion form, or 
one part of the molecule may be in the form of an internal salt and another part may be in the form of a 
■ normal salt. 

5 For isolation and purification it is also possible to use pharmaceutically unacceptable salts. Only 5 
pharmaceutical^ acceptable non-toxic salts are used therapeutically and these are therefore preferred. 

The compounds of the formula (I) have in the 3- and 5-position the R-configuration and in the 6- 
position the R- or S-configuration, or may alternatively be mixtures of the 6R- and 6S-configuration. 
Compounds with a 6R-configuration (in which the substituent R, — CH 2 — is in the /^-position and the 
1 0 two hydrogen atoms in the 5- and 6-position are in cis position to one another} are preferred. 1 0 

The invention relates especially to compounds of the formula (I) in which functional groups are 
either not protected or are protected in a form that can be split under physiological conditions, and to 
their pharmaceutically acceptable salts, since chiefly those compounds have the specified activity and 
can be used for the purpose indicated, whereas the protected compounds serve mainly as 
15 intermediates. 

Special mention should be made of compounds of the formula (I) in which R, represents hydroxy, 
lower alkoxy, for example methoxy, phenyl-lower alkoxy, for example benzyloxy, lower aikanoyloxy, for 
example formyloxy or acetoxy, aminothiazolylcarbonyloxy, for example 2 -amino- 1 ,3-thiazol-4- 
ylcarbonyloxy, aminothiadiazolylcarbonyloxy, for example 5-amino-1 ,2,4-thiadiazol-3-ylcarbonyloxy, 

20 lower alkoxycarbonyloxy, carbamoyloxy, N-mono- or N,N-di-lower alkylcarbamoyloxy, for example N- 20 
methyicarbamoyloxy or N,N-dimethylcarbamoyloxy, lower alkanesulphonyloxy, for example 
methanesulphonyloxy, arenesulphonyloxy, for example benzenesulphonyloxy or toluenesulphonyloxy, or 
hydroxysulphonyloxy (or a salt thereof, for example the sodium salt) and R 2 represents carboxy or 
carboxy esterified in a form that can be split under physiological conditions, for example lower 

25 alkanoyloxymethoxycarbonyl, for example acetoxymethoxycarbonyl or pivaloyloxymethoxycarbonyl, 25 
amino-lower alkanoylmethoxy, especially a-amino-lower alkanoyloxymethoxycarbonyl, for example 
glycyloxymethoxycarbonyl, L-valyloxymethoxycarbonyl, L-leucyloxymethoxyca/bonyl, 
phthalidyloxycarbonyl, for example 2-phthalidyloxycarbonyl, 4-crotonolactonyl or gamma-butyrolacton- 
4-yl, indanyloxycarbonyl, for example 5-indanyloxycarbonyl or 1-ethoxycarbonyloxyethoxycarbonyl, as 

30 well as the pharmaceutically acceptable salts of such compounds containing a salt-forming group, for 30 
example the alkali metal salts, for example the sodium salts, of these compounds in which R 2 represents 
carboxy. 

The invention relates especially to compounds of the formula (I) in which R t represents hydroxy, 
methoxy or benzyloxy and R^ represents carboxy, and the pharmaceutically acceptable salts, for 
35 example the sodium salts, thereof. 35 
The invention relates especially to the compounds described in the Examples, especially the 
compound of the formula (I) in which R, represents hydroxy and R 2 represents carboxy, and to the 
pharmaceutically acceptable salts thereof, for example the sodium salt. 

The compounds of the formula (I) and salts thereof are produced in a manner known per se. 
40 Compounds of the formula (I) and salts of such compounds having a salt-forming group are 40 
produced, for example, by 

a) oxidising in the 1 -position a compound of the formula 



*2 

in which R, and R 2 have the meanings mentioned under formula (I) and Y represents a group that can 
45 or 45 
b) introducing a R, — CH 2 — group into a compound of the formula 



1 
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4 0 

hY 

k 

in which R 2 represents a protected carboxyl group, or 
c) in a compound of the formula 




5 in which R 1 and R 2 have the meanings mentioned under formula (I) and Y represents a group that can 5 
be converted into a hydrogen atom, converting the Y group into a hydrogen atom, 

■ 

and, if desired or necessary, converting a group R, in a resulting compound into a different group R v 
and/or a group R 2 into a different group R 2 and/or a resulting salt into the free compound or into a 
different salt and/or a resulting free compound having a salt-forming group into a salt and/or separating 
1 0 a resulting mixture of isomeric compounds of the formula (I) into the individual isomers. 1 0 

a) Oxidation of the 1 -position: 

The oxidation of compounds of the formula (Ma) is carried out by treating with agents converting 
sulphide or sulphoxide groups into sulphone groups, especially with hydrogen peroxide, organic 
peracids, especially aliphatic percarboxylic acids, for example peracetic acid, perbenzoic acid, 

1 5 chloroperbenzoic acid, for example m-ch!oroperbenzoic acid, or monoperphthalic acid, with oxidising 15 
inorganic acids or their salts, for example nitric acid, chromic acid, potassium permanganate, or an alkali 
metal hypochlorite, for example sodium hypochlorite, or alternatively by anodic oxidation. The oxidation 
is preferably carried out in a suitable inert solvent, for example a halogenated hydrocarbon, for example 
methylene chloride, chloroform or carbon tetrachloride, an alcohol, for example methanol or ethanol, a 

20 ketone, for example acetone, an ether, for example diethyl ether, dioxan or tetrahydrofuran, an amide, 20 
for example dimethylformamide, a sulphone, for example dimethylsulphone, a liquid organic carboxylic 
acid, for example acetic acid, or in water or a mixture of these solvents, especially an aqueous mixture, 
for example aqueous acetic acid, at room temperature, or while cooling or gently heating, i.e. at 
approximately -20 to approximately +90°, preferably at approximately +1 8 to approximately +30°. 

25 The oxidation can alternatively be carried out in stages, by first of all oxidising at a lower temperature, 2 5 
i.e. at approximately -20 to approximately 0°, to the sulphoxide stage, which is optionally isolated, 
. then, in a second step, oxidising the sulphoxide, preferably at a higher temperature, for instance at room 
temperature, to the sulphone, that is to say the 1 , 1 -dioxide of the formula (I). 

For working up, any excess oxidising agent still present may be eliminated by reduction, especially 

30 by treating with a reducing agent, such as a thiosulphate, for example sodium thiosulphate. 30 

b) introduction of a /?, — CH 2 — group: 

The group R, — CH 2 — is introduced by an alkylation reaction, for example by reacting a mono- or - 
di-anion of a compound of the formula (lib) with formaldehyde or a reactive functional derivative thereof 
and then treating the reaction product with a proton source. 

35 Monoanions of compounds of the formula (lib) have in the 6-position, and dianions in the 6- and in * 35 

the 3-position, a negative charge instead of a hydrogen atom. Compounds of this type are usually 
produced in situ, for example by reacting a compound of the formula (lib) with one or two moles of a 
metallising reagent. Suitable metallising reagents are substituted and unsubstituted alkali metal amides, 
alkali metal hydrides or alkali metal lower alkyl compounds, in which the alkali metal is sodium or 

40 especially lithium, for example sodium or lithium amide, lithium bis-trimethylsilylamide, sodium hydride, 40 
lithium hydride and preferably lithium diisopropylamide and butyllithium. Another method of producing 
monoanions consists of reacting a 6-halo compound of a compound of the formula (lib), in which the 6- 
position is substituted by halogen, for example chlorine, bromine or especially iodine, with magnesium 



(lib) * 
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or a Grignard reagent, for example with a lower alkylmagnesium halide, for example methylmagnesium 
bromide, or with activated zinc or zinc amalgam. 

Reactive functional derivatives of the formaldehyde are, for example, paraformaldehyde and 
" compounds of the formula R, — CH 2 — X in which R t represents an etherified or esterified hydroxy group 
5 and X is a nucleofugai leaving group, for example a halogen atom, for example chlorine, bromine or 5 
iodine, a sulphonyloxy group, for example mesyloxy or tosyloxy, or alternatively a R? — 0 — group. 

The production of the mono- and di-anion is carried out in an inert aprotic solvent, for example in a 
hydrocarbon, for example hexane, benzene, toluene or xylene, a slightly polar ether, for example diethyl 
ether, tetrahydrofuran or dioxan, or an acid amide, for example hexamethylphosphoric acid triamide, or 
1 0 mixtures thereof, at temperatures of between approximately —80° and approximately room 1 0 

temperature, the production by means of metallising reagents, magnesium or Grignard reagents 
preferably being carried out at low temperatures, approximately —70° to approximately —30°, whilst 
the production by means of zinc is preferably carried out at approximately 0° to 30°, especially at room 
temperature. 

1 5 The reaction of the mono- or di-anion with formaldehyde or the reactive functional derivative 1 5 

thereof is carried out in the same solvent or solvent mixture and under the same above-mentioned 
temperature conditions. The mono- or di-anion can alternatively be formed in the presence of 
formaldehyde or the reactive derivative thereof. 

In a preferred embodiment, gaseous dry formaldehyde is conveyed at approximately —78° into a 

20 monoanion-containing reaction mixture preferably obtained by reacting a 6-halogeri-substituted, 20 
especially a 6-bromine- or 6-iodine-substituted, compound of the formula lib with a lower 
alkylmagnesium halide, especially methylmagnesium iodide, in an ether, especially tetrahydrofuran. 

After the alkylation reaction, the reaction product is treated with a proton source, for example with 
water, an alcohol, for example methanol or ethanol, an organic or inorganic acid, for example acetic 

25 acid, hydrochloric acid, sulphuric acid or a similar proton-yielding compound, preferably again at low 25 
temperatures. 

c) Exchange of Y for hydrogen: 

In a compound of the formula (lie), Y in the meaning of a group exchangeable for hydrogen is, for 
example, an isonitrile group C=N— or halogen, for example chlorine, iodine or, especially, bromine. 
30 The exchange of Y for a hydrogen atom is carried out by treating with a suitable reducing agent. 30 

Suitable reducing agents are, for example, metal hydrides, especially tin hydrides, such as tri-lower 
alkyltin hydrides or di-lower alkyltin hydrides, especially tri-n-butyltin hydride, or alternatively 
triphenyltin hydride, lithium aluminium hydride or sodium borohydride, hydrogen in statu nascendi, for 
example produced from a metal and a proton source, especially zinc and acetic acid, or sodium and 
35 alcohol, for example amyl alcohol, or alternatively catalytically activated hydrogen, for example 35 
hydrogen activated by palladium-on-carbon. 

The reduction is carried out in a suitable, optionally Inert, solvent. Metal hydrides are used, for 
example, in a hydrocarbon, for example pentane, hexane, benzene, toluene or xylene, whilst the 
reduction with hydrogen in statu nascendi \s carried out in the proton source employed, which may 
40 optionally be diluted by an inert solvent. The catalytic reduction can also be carried out in one of the 40 
mentioned solvents or solvent mixtures. Depending on the reducing agent used, the reduction is carried 
out at room temperature or reduced or elevated temperature, for instance at from —80 to +100°. 

A preferred reduction process is the treatment of a compound of the formula (tic) in which Y 
represents an isonitrile group or bromine with tri-n-butyltin hydride in an inert solvent, for example 
45 benzene, at room temperature to the boiling temperature of the solvent used, that is to say up to 45 
approximately 80°, optionally in the presence of a catalytic amount of azobisisobutyronitrile (D.I. John, 
E.J. Thomas and N.D. Tyreil, J.C.S. Chem. Comm. 1 979, page 345; J.A. Aimetti, E.S. Hamanaka, D.A. 
Johnson and M.S. Kellogg, Tetrahedron Letters, No. 48, 1 979, page 4631 ). 

In a resulting compound of the formula (I), the substituents R, and R 2 can be converted within the 
50 scope of their meanings, and in any sequence, into different substituents R, or R 2 . Thus, a hydroxy group 50 
R, can be converted by etherification or esterification into an etherified or esterified hydroxy group 
„ Rf — 0 — or R* — 0 — respectively. A free carboxyl group R 2 can be esterified and an esterified carboxyl 
group R 2 can be converted into a free carboxyl group. Protecting groups optionally present in the radical 
R, can likewise be split off. These subsequent operations are carried out in a manner known perse, for 
55. example as follows: 55 

Etherification and esterification of a hydroxy group /?«,; 

In a compound of the formula (I) in which the group R 2 is in the form of a functionally modified 
carboxyl group and other, optionally present functional groups are preferably protected, the hydroxy 
group R, can be converted in a manner known perse into an etherified hydroxy group R* — 0 — . 
60 Suitable etherifying agents are, for example, diazo compounds R?N 2 , such as optionally substituted 60 

diazo-lower alkanes, for example diazomethane, diazoethane, diazo-n-butane or diphenyldiazomethane. 
These reagents are used in the presence of a suitable inert solvent, such as an aliphatic, cycloaliphatic or 
aromatic hydrocarbon, such as hexane, cyclohexane, benzene or toluene, a haiogenated aliphatic 




hydrocarbon, for example methylene chloride, or an ether, such as a d.-lower alkyl ether, for example 
diethyl ether, or a cyclic ether, for example tetrahydrofuran or d.oxan, or a solvent mixture, and 
depending on the diazo reagent, while cooling, at room temperature or while heating gently and also, if 
necessary 9 in a closed vessel and/or in an inert gas atmosphere, for example a nitrogen atmosphere. . 
5 Other suitable etherifying agents are esters of alcohols R?— OH, especially those with strong 

inorganic or organic acids, such as mineral acids, for example hydrohalic acids, such as ; hydrochloric, 
hvdrobromic or hydroiodic acid, also sulphuric acid or halosulphunc acids, for example fluorosulphuric , 
acid or strong organic sulphonic acids, such as lower alkanesulphonic acids optionally substituted, for 
example by halogen, such as fluorine, or aromatic sulphonic acids, such as, for example, 
1 0 benzenesulphonic acids optionally substituted by lower alkyl, such as methyl, by halogen, such as 
bromine, and/or by nitro, for example methanesulphonic acid, trifluoromethanesu phonic acid or p- 
toluenesulphonic acid. Such esters are, for example, R»-halides, inter alia lower alkyl hal.des, d.-R,- 
sulohates, for example di-lower alkyl sulphates, such as dimethyl sulphate, also fluorosulphonic acid R,- 
esters such as fluorosulphonic acid lower alkyl esters, for example fluorosulphonic acid methyl ester, or 
1 5 optionally halogen-substituted methanesulphonic acid R*-esters, such as methanesulphonic acid lower 
alkyl esters for example trifluoromethanesulphonic acid methyl ester. They are normally used in the 
presence of an inert solvent, such as an optionally halogenated, such as chlorinated, aliphatic, 
cycloaliphatic or aromatic hydrocarbon, for example methylene chloride, an ether, such as dioxan or 
tetrahydrofuran, or a mixture thereof. In this process suitable condensation agents are preferably used, 
20 such as alkali metal carbonates or bicarbonates, for example sodium or potassium carbonate or 
bicarbonate (usually together with a sulphate), or organic bases, such as, normally stericaliy 
h ESSC alkylamines. for example N,N-diisopropyl-N-ethylamine (preferably together with 
halosulphonic acid lower alkyl esters or optionally halogen-substituted methanesulphonic acid lower 
alkyl esters) the process being carried out while cooling, at room temperature, or while heating, for 
25 • example at temperatures of from approximately! -20° to approximately 50°C and, if necessary, in a 
closed vessel and/or in an inert gas atmosphere, for example a nitrogen atmosphere. 

The etherification reaction described above can be considerably accelerated by phase transfer 
catalysis (see Dehmlow, Angewandte Chemie, vol. 5, p. 1 87 ( 1 974)). As phase transfer catalysts there 
may be used quaternary phosphonium salts and especially quaternary ammonium salts, such as 
30 optionally substituted tetraalkylammonium halides, for example tetrabutylammon.um ch onde, bromide 
or iodide, or alternatively benzyl-triethylammonium chloride, in catalytic or up to equimolarquantrt.es. 
Any one of the water-immiscible solvents may be used as the organic phase, for example one of the 
optionally halogenated, such as chlorinated, lower aliphatic, cycloaliphatic or aromatic hydrocarbons, 
such as trichloroethylene or tetrachloroethylene, tetrachloroethane, carbon tetrachlonde, 
35 chlorobenzene. toluene or xylene. The alkali metal carbonates or bicarbonates, for example potassium or 
sodium carbonate or bicarbonate, alkali metal phosphates, for example potassium phosphate, and alkali 
metal hydroxides, for example sodium hydroxide, suitable as condensation agents, can, in the case of 
base-sensitive compounds, be added to the reaction mixture tltrimetrically, for example by means of an 
automatic titrating device, so that the pH value remains between approximately 7 and approximately 

40 8.5 during etherification. _„.»». ■■ < 

Other etherifying agents are suitable acetal compounds, such as ^e/n-di-R^O-lower alkanes, for 
example oerm-di-lower alkoxy-lower alkanes, such as 2,2-dimethoxypropane, which are used in the 
presence of strong organic sulphonic acids, such as p-toluenesulphonic acid, and a suitable solvent, 
such as a di-lower alkyl sulphoxide or a lower alkylene sulphoxide, for example dimethyl sulphoxide; or 

45 suitable R?-containing orthoesters, for example orthoformic acid tri-R?-esterrs, for example orthoformic 
acid tri-lower alkyl esters, for example orthoformic acid triethyl ester, which are used in the presence of 
a strong mineral acid, for example sulphuric acid, or a strong organic sulphonic acid, such as p- 
toluenesulphonic acid, and a suitable solvent, such as an ether, for example dioxan. 

Other etherifying agents are corresponding tri-substituted oxonium salt (so-called Meerwein salts), 

50 or di-substituted carbenium or halonium salts in which the substituents are the etherifying radicals Rf, 
for example tri-lower alkyloxonium salts, and also di-lower alkoxycarbenium or di-lower alkylhalonium 
salts, especially the corresponding salts with complex fluorine-containing acids, such as the 
corresponding tetrafluoroborates, hexafluorophosphates, hexafluoroantimonates or 
hexachloroantimonates. Such reagents are, for example, trimethyl- or triethyloxonium 

55 hexafluoroantimonate, hexachloroantimonate, hexafluorophosphate or tetrafluoroborate, 

dimethoxycarbenium hexafluorophosphate or dimethylbromonium hexafluoroantimonate. These 
etherifying agents are preferably used in an inert solvent, such as an ether or a halogenated 
hydrocarbon, for example diethyl ether, tetrahydrofuran or methylene chloride, or in a mixture thereof, if 
necessary in the presence of a base, such as an organic base, for example a preferably stericaliy 

60 hindered tri-lower alkylamine, for example N,N-diisopropyl-N-ethylamine, and while cooling, at room 
temperature or while heating gently, for example at from approximately -20°C to approximately 50°C, 
if necessary in a closed vessel and/or in an inert gas atmosphere, for example a nitrogen atmosphere. 

Other etherifying agents are, finally, corresponding 1 -substituted 3-aryltriazene compounds, in 
which the substituent represents the etherifying radical and aryl preferably represents optionally 

65 substituted phenyl, for example lower alkylphenyl, such as 4-methylphenyl. Triazene compounds of this 
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type are 3-aryl-1 -lower alkyltriazenes, for example 3-(4-methylphenyl)-1 -methyltriazene, 3-(4- 
methylphenyl)-1-ethyltriazene or 3-(4-methylphenyl)-1-isopropyItriazene. These reagents are usually 
. used in the presence of Inert solvents, such as optionally halogenated hydrocarbons or ethers, for 
. example benzene, or solvent mixtures and while cooling, at room temperature or preferably at elevated 
5 temperature, for example at from approximately 20°C to approximately 1 00°C, if necessary in a closed 5 
vessel and/or in an inert gas atmosphere, for example a nitrogen atmosphere. 

In a resulting compound of the formula (I), in which the group R 2 is in the form of functionally 
modified carboxyl and other, optionally present functional groups are preferably protected, a hydroxy 
group R, can be esterified in a manner known perse. Thus, the hydroxy group can be converted into an 

1 0 acy loxy group R* — 0 — by treating a hydroxymethyl compound of the formula (I) with an acylating 1 0 

agent that introduces the desired acyl radical R^ of an organic carboxylic acid. In so doing, the carboxylic 
acid corresponding to R!j or a reactive derivative thereof, especially an anhydride, including a mixed or 
internal anhydride, of such an acid is used. Mixed anhydrides are, for example, those with hydrohalic 
acids, that is to say the corresponding acid halides, especially chlorides, also with hydrocyanic acid, or 

1 5 alternatively those with suitable carbonic acid semi-derivatives, such as corresponding semiesters (such 1 5 
as the mixed anhydrides formed, for example, with a haloformic acid lower alkyl ester, such as 
chloroformic acid ethyl ester or isobutyl ester) or with optionally substituted lower alkanecarboxylic 
acids, for example those containing halogen, such as chlorine (such as the mixed anhydrides formed 
with pivaloyl chloride or trichloroacetyl chloride). Internal anhydrides are, for example, those of organic 

20 carboxylic acids, i.e. ketenes, such as ketene or diketene, or those of carbamic acid or thiocarbamic acid, 20 
i.e. isocyanates or isothiocyanates. Further reactive derivatives of organic carboxylic acids which can be 
used as acylating agents are activated esters, such as suitably substituted lower alkyl esters, for 
example cyanomethyl ester, or suitably substituted phenyl esters, for example pentachlorophenyl ester 
or 4-nitrophenyl ester. The esterification can, if necessary, be carried out in the presence of suitable 

25 condensation agents; when using free carboxylic acids, for example in the presence of carbodiimide 25 
compounds, such as dicyclohexylcarbodiimide, or carbonyl compounds, such as diimidazolylcarbonyl, 
and when using reactive acid derivatives, for example in the presence of basic agents, such as trMower 
alkylamines, for example triethylamine, or heterocyclic bases, for example pyridine. The acylation 
reaction can be carried out in the absence or presence of a solvent or solvent mixture, while cooling, at 

30 room temperature or while heating and, if necessary, in a closed vessel and/or in an inert gas 30 
atmosphere, for example a nitrogen atmosphere. Suitable solvents are, for example, optionally 
substituted, especially optionally chlorinated, aliphatic, cycloaliphatic or aromatic hydrocarbons, such as 
benzene and toluene, it being possible to use suitable esterifying reagents, such as acetic anhydride, 
also as diluents. 

35 A hydroxy group esterified by an organic sulphonic acid R^ — OH, for example lower 35 

alkanesulphonic acid, such as methanesulphonic acid, or an aromatic sulphonic acid, such as p- 
toiuenesulphonic acid, can be formed preferably by treating a hydroxymethyl compound of the formula 
(I) with a reactive sulphonic acid derivative, such as a corresponding halide, for example chloride, if 
necessary in the presence of an acid-neutralising basic agent, for example an inorganic or organic base, 

40 for example in a manner analogous to that of the corresponding esters with organic carboxylic acids. 40 
A hydroxy group esterified by an inorganic acid R^ — OH is formed in customary manner by treating 
a hydroxymethyl compound of the formula (I), in which the 3-carboxyl group is preferably esterified, 
with the inorganic acid, optionally in the presence of a condensation agent, or with a reactive derivative, 
for example an anhydride or halide, thereof, or alternatively by alkylation of the inorganic acid or a salt 

45 thereof with a reactive derivative of the hydroxymethyl compound of the formula (I), for example in 45 
which R t represents halogen, for example chlorine, bromine or iodine. For example, in a compound of 
the formula (I) in which R, represents hydroxy and R 2 is preferably in protected form, the hydroxy group 
R t can be converted into a sulphonyloxy group H0S0 7 — 0 — or a salt thereof by treatment with 
sulphuric acid, chlorosulphonic acid, the adduct of sulphur trioxide and a tertiary amine, for example 

50 triethylamine, or with amidosulphonic acid and optionally subsequent neutralisation, for example with 50 
sodium bicarbonate, or can be converted into a H 2 P0 3 — 0 — group or a salt thereof by treatment with 
concentrated phosphoric acid, optionally in the presence of a condensation agent, for example 
carbodiimide or trichloroacetonitrile, with a salt thereof, for example a di-tertiary ammonium phosphate, 
* such as di-triethylammonium phosphate, or with an anhydride of phosphoric acid, for example with 

55 polyphosphoric acid, metaphosphoric acid or phosphorus (V) oxide, or a mixed anhydride, for example 55 
phosphorus oxychloride, and optionally subsequent hydrolysis and/or neutralisation. 

Esterification of a free carboxyi group: 

The conversion of free carboxyl, especially a corresponding group R 2 , in a compound of the 
formula (I) into esterified carboxyl, especially into an esterified carboxyl group that can be split under 
60 physiological conditions, is effected according to esterification methods known per se t for example by 60 
reacting a compound of the formula (I) in which other, optionally present functional groups are 
optionally in protected form, or a reactive functional carboxy derivative, including a salt, thereof with a 
corresponding alcohol or a reactive functional derivative thereof. 

The esterification of free carboxyl with the desired alcohol is carried out in the presence of a 



10 
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compounds, for examp.e 2-etny.-5-phenyl-1 ,2 T azo.ium-3'-su.phonate ^tjjj* 5 
«; methvlisoxazolium perchlorate. or a suitable acylam.no compound, for example 2-ethoxy 1 
5 ^tnyusoxazo iij "l p . „ Tne condensation reaction is preferably earned out in an 

ethoxycarbonyM ;2-^£^™" a 8 b ' ^ presence 0 f a solvent or diluent, for example methylene 

assix^ and - if necessarY ' wwie coo,infl ° r heating 

10 ^L^S of the carboxy. compounds of the formuia . to be esterifled 10 

ara for examDle anhydrides, especially mixed anhydrides, and activated esters. 

' ^^a^HTara, for example, those with inorganic acids, such as hydrohal.c : acds, ,.e. the 
corresponding acid halides. for example chlorides or bromides, also hydrazo.c ac.d ..e the 

corresponding acid azides, as well as #«f™r>^^ or 1 5 

i S diethvlnhosphoric acid or phosphorous acid, or sulphur-containing acids, for example su, P nur "\ 

1 5 hydr^antc acid. Further mixed anhydrides are, for example those with 

as with lower alkanecarboxylic acids optionally substituted, for example by halogen such as fluorine or 
chlorine for example pivalic acid or trichloroacetic acid, or with sem.esters. especially lower alkyl 
1£^S!Z£*& acid, such as ethyl or isobutyl semiesters of carbonic acid, or with organ.c, 

20 esoeciallv aliphatic or aromatic, sulphonic acids, for example p-toluenesulphonic acid. 

20 especially j»l ph ^ ^ ^ ^ for example, esters w, XY ■ vmvlogous 

alcohols (i.e. enols), such as vinylogous lower alkenols, or im.nomethyl ester halides, such as 
dimethyliminomethyl ester chloride (manufactured from carb°xyl.c acd and _ 
dimethylchloromethylidene-iminium chloride of the formula «CH 3 ) 2 N=CHC ®C|0), or aryl esters, 
25 as^enLhlorophenyl. 4-nitrophenyl or 2,3-dinitrophenyl esters, heteromatic esters, such as 25 
beSazole Sers, for example 1 -benztriazole ester, or diacylimino esters, such as succ.nylim.no or 

Phth3 fi !Sa e tfonwith such an acid derivative, such as an anhydride, especially with an , acid I halide is 
oreferablv carried out in the presence of an acid-binding agent, for example an organ.c base such as an 

30 oS am n for Sample a tertiary amine, such as a tri-lower alkylamine, for example tr.methylam.ne. 30 
?riethvlamlne « • ethyldiisopropylamine. or an N.N-di-lower alkylaniline, for example N.N- 
dSSSSSSS or a cyclic tertiary amihe, such as a N-lower alkylated morphol.ne. such as 
S m^morohoTbi^i base of the pyridine type, for example pyridine, an inorganic base, for 
t^STSZTnetZ or alkaline earth metal hydroxide, carbonate or bicarbonate, for example 

35 sodium potaSm or calcium hydroxide, carbonate or bicarbonate, or an oxirane. for example a lower 35 
1 2-alkvlene oxide, such as ethylene oxide or propylene oxide. 

A reartive functional derivative of the esterifying alcohol is especially a corresponding ester 
oreferabTy with a strong inorganic or organic acid, and is especially a corresponding halide, for example 
SorSe, bramide or iodide, or a corresponding lower alkylsulphonyloxy or arylsulphonyloxy compound. 

An such as methvlsulphonyloxy or 4-methylphenylsulphonyloxy. 

40 LTh a reactive esteVof an alcohol can be reacted with the free carboxyl compound of he formula 

I or whh a salt, such as an alkali metal or ammonium salt, thereof, the reaction preferably being earned 
m it in thP nresence of an acid-binding agent when using the free acid. 

T^he SSSSn reactions!* carried out in an inert, usually anhydrous, solvent or solvent 

45 mixture for example in a carboxylic acid amide, such as a formamide, for example d.methylformam.de, 45 
^SnatXdrocarbon, for examp.e methylene chloride, carbon ^^^^SSS^ 
ketone for example acetone, an ester, for example ethyl acetate, or a n.tnle for example aceton.tr.le 
or mixtures thereof, if necessary while cooling or heating, for example wrth.n a temperature range of 
from approximately -40°C to approximately +1 00°C, preferably at from appropriately -1 0°C to 

50 approximately +40°C and/or in an inert gas atmosphere, for example a nitrogen atmosphere anh „ HriH P 
PP Furthermore, the acid derivative may, if desired, be formed in situ. For exa mple, « ■ J^-^**> 
is obtained by treating the carboxylic acid compound having appropnately protected funct.onal groups, 
or a suitable salt thereof, such as an ammonium salt, for example with an organ.c amine, such as 
I peridine or 4-methylmorpholine, or a metal salt, for example an alkali metal salt, with a su.table ac.d 

55 dSZ ; such as the corresponding acid halide of an optionally substituted lowe, -J™*"*^*? 55 
acid, for example trichloroacetyl chloride, with a semiester of a carbon.c ac.d sem.hal.de, for example 
chlo oformic acid ethyl ester or isobutyl ester, or with a halide of a di-lower alkylphosphonc ac.d for 
example diethyl phosphorobromidate. and the mixed anhydride so obtained .s used without .solat.on. 

The splitting off of protecting groups: . . , «. „ A 

60 In a resulting compound of the formula I in which one or more functional groups are protected, 60 

these, for example protected carboxyl, amino, hydroxy and/or sulpho groups, may be liberated in a 
manner known perse, optionally in stages or simultaneously, by means of solvolysis, especially 
hydrolysis, alcoholysis or acidolysis, or by means of reduction, especially hydrogenolysis or chemical 
reduction. 
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Thus, tert-lower alkoxycarbonyl, or lower alkoxycarbonyl substituted in the 2-position by an 
organic silyl group or in the 1 -position by lower alkoxy or lower alkylthio, or optionally substituted 
diphenylmethoxycarbonyl can be converted into free carboxyl, for example by treating with a suitable 
* acid, such as formic acid or trifiuoro acetic acid, optionally with the addition of a nucleophilic compound, 
5 such as phenol or anisole. Optionally substituted benzyloxycarbonyl can be liberated, for example, by 5 
means of hydrogenolysis, i.e. by treating with hydrogen in the presence of a metallic hydrogenation 
- catalyst, such as a palladium catalyst. Furthermore, suitable substituted benzyloxycarbonyl, such as 4- 
nitrobenzyloxycarbonyl, canb be converted into free carboxyl also be means of chemical reduction, for 
example by treating with an alkali metal dithionite, for example sodium dithionite, or with a reducing 
1 0 metal, for example zinc, or a reducing metal salt, such as a chromium(ll) salt, for example chromium(ll) 1 0 
chloride, usually in the presence of a hydrogen-yielding agent that, together with the metal, is capable 
of producing nascent hydrogen, such as an acid, especially a suitable carboxylic acid, such as a lower 
alkanecarboxylic acid optionally substituted, for example by hydroxy, for example acetic acid, formic 
acid, glycolic acid, diphenylglycolic acid, lactic acid, mandelic acid, 4-chloromandelic acid or tartaric 
1 5 acid, or of an alcohol or thiol, water preferably being added. By treating with a reducing metal or metal 1 5 
salt, as described above, it is also possible to convert 2-halo-lower alkoxycarbonyl (optionally after 
converting a 2-bromo-lower alkoxycarbonyl group into a corresponding 2-iodo-lower alkoxycarbonyl 
group) or aroylmethoxycarbonyl into free carboxyl, it being possible to split aroylmethoxyearbonyl 
similarly by treating with a nucleophilic, preferably salt-forming, reagent, such as sodium thiophenolate 
20 or sodium iodide. Substituted 2-siiylethoxycarbonyl can also be converted into free carboxyl by treating 20 
with a salt of hydrofluoric acid yielding the fluoride anion, such as an alkali metal fluoride, for example 
sodium or potassium fluoride, in the presence of a macrocyclic polyether ("Crown ether"), or with a 
fluoride of an organic quaternary base, such as tetra-lower alkylammonium fluoride or tri-lower 
alkylarylammonium fluoride, for example tetraethylammonium fluoride or tetrabutylammonium 
25 fluoride, in the presence of an aprotic solvent, such as dimethyl sulphoxide or N,N-dimethylacetamide. 25 
Carboxyl esterified by an organic silyl or stannyl group, such as tri-lower alkylsilyl or tri-lower 
alkylstannyl, for example trimethylsilyl, can be liberated in the customary manner by solvolysis, for 
example by treating with water, an alcohol or an acid. 

A protected amino group, for example Am, is liberated in a manner known perse and, depending 
30 on the type of protecting groups, in various manners, preferably by solvolysis or reduction. 2-halo-lower 30 
alkoxycarbonylamino (optionally after converting a 2-bromo-lower alkoxycarbonylamino group into a 2- 
iodo-lower alkoxycarbonylamino group), aroylmethoxycarbonylamino or 4- 

nitrobenzyloxycarbonylamino can be split, for example by treating with a suitable chemical reducing 
agent, such as zinc in the presence of a suitable carboxylic acid, such as aqueous acetic acid. 

35 Aroylmethoxycarbonylamino can also be split by treating with a nucleophilic, preferably salt-forming, 35 
reagent, such as sodium thiophenolate, and 4-nitrobenzyloxycarbonylamino also be treating with an 
alkali metal dithionite, for example sodium dithionite. Optionally substituted 
diphenylmethoxycarbonylamino, tert.-lower alkoxycarbonylamino or 2-tri -substituted 
silylethoxycarbonylamino can be liberated by treating with a suitable acid, for example formic acid or 

40 trifluoroacetic acid, optionally substituted benzyloxycarbonylamino can be liberated, for example by 40 
hydrogenolysis, i.e. by treating with hydrogen in the presence of a suitable hydrogenation catalyst, such 
as a palladium catalyst, optionally substituted triarylmethylamino, formylamino or2-acyl-loweralk-1- 
en-ylamino can be liberated, for example by treating with an acid, such as a mineral acid, for example 
hydrochloric acid, or an organic acid, for example formic acid, acetic acid or trifluoroacetic acid, 

45 optionally in the presence of water, and an amino group protected by an organic silyl or stannyl group 45 
can be liberated, for example by hydrolysis or alcoholysis. An amino group protected by 2-haloacetyl, 
for example 2-chloroacetyl, can be liberated by treating with thiourea in the presence of a base, or with 
a thiolate salt, such as an alkali metal thiolate, of thiourea and by subsequent solvolysis, such as 
alcoholysis or hydrolysis, of the resulting condensation product. An amino group protected by 2- 

50 substituted silylethoxycarbonyl can also be converted into the free amino group by treating with a salt 50 
of hydrofluoric acid yielding fluoride anions, as indicated above in connection with the liberation of a 
correspondingly protected carboxyl group. A phosphoramido, phosphonamido or phosphinamido group 
m can be converted into the free amino group, for example by treating with a phosphorus-containing acid, 
such as a phosphoric, phosphonic or phosphinic acid, for example orthophosphoric acid or 

55 polyphosphoric acid, an acid ester thereof, for example monomethyl, monoethyl, dimethyl or diethyl 55 
phosphate, or monomethylphosphonic acid, of an anhydride thereof, such as phosphorus pentoxide. 

An amino protected in the form of an azido group is converted into the free amino group, for 
example by reduction, for example by catalytic hydrogenation with hydrogen in the presence of a 
hydrogenation catalyst, such as platinum oxide, palladium or Raney nickel, or alternatively by treating 

60 with zinc in the presence of an acid, such as acetic acid. The catalytic hydrogenation is carried out 60 
preferably in an inert solvent, such as a halogenated hydrocarbon, for'example methylene chloride, or * 
alternatively in water or a mixture of water and an organic solvent, such as an alcohol or dioxan at 
approximately 20°C to 25°C, or alternatively while cooling or heating. 

A hydroxy group protected by a suitable acyl group, an organic silyl or stannyl group or by 

65 optionally substituted 1 -phenyl-lower alkyl is liberated in the same manner as a correspondingly 65 
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protected amino group. A hydroxy group protected by 2.2-dichloroacetyl is liberated for example by 
hasic hvdrolvsis while a hydroxy group etherified by tert.-lower alkyl or by a 2-oxa- or 2-thia-aliphatic or 
^XSfe hydmeaAon radTcal is liberated by acidosis, for example by treating with a mineral acd 
or a strong carboxylic acid, for example trifluoroacetic acid. A 2-halo-lower alkyl group is split off by 

r6 "protected, especially esterified, sulpho group is liberated analogously to a protected carboxyl 

9r ° UP The splitting reactions described are carried out under conditions known perse, if necessary while 
cooling or heating, in a closed vessel and/or in an inert gas atmosphere, for example a nitrogen ^ q 

3tm ° ^methods of reductive splitting of 2-halo-lower alkoxycarbonyl and 2-halo-lower alkoxy 

groups, which are known per se. may advantageously be carried out under espec.aHy mild conditions in 

the presence of a catalytic amount of a transition metal complex of a corrm or porph.n compound, it 

also being possible for groups that are normally difficult to split, for example 2-chloroethoxycarbonyl ^ g 

1 5 and 2-chloroethoxy groups, to be split. ... A -♦»!.,«♦«, ♦„ 

Transition metal complexes of corrin and porphin compounds, which are used as catalysts to 
reductive splitting, are derived from those transition metals that occur in more than one valency stage, 
such as copper, palladium, rhodium and especially cobalt Preferred catalysts are model compounds for 
the synthesis of vitamin B 12 , for example derivatives derived from the . 2 0 

20 2 2 3 3 7 7 8 8,12,12,13,13,17,17,18,18-hexadecamethyl-10,20-diazahexahydroporphin cobalttlll) 
cation an'd'especially vitamins of the B 12 group, and of these especially cyanocobalamin, 
aquocobalamin and hydroxycobalamin, and their derivatives and decomposition products, such as 
cobvrinic acid and its esters, corphyrinic acid, corphinic acid, cobamic acid and cobamide. The quantity 
of catalyst is normally from approximately 0.1 to approximately 0.001 , preferably approximately 0.03 

25 to approximately 0.003, molar equivalent, based on the component to be reduced, but with a 

favourable experimental arrangement, for example with an optimised electroreduction, it is possible to 

90 ^■fS^SS!^ 1 ^ in a manner known perse by conventional methods in the presence of 
a proton source. The proton source used can be any inorganic or organic acid, or customary orotic 

30 solvents- acids are advantageously used in a buffered form or as salts, the pH value preferably lying 
between approximately 4.0 and 9.5, especially between approximately 5.5 and 7.5, and more 
especially in the region of the neutral point. . 

A reducing method that recommends itself as one of the most gentle methods is cathodic 
electroreduction under conventional conditions, such as with a mercury cathode or some other cathode 

35 that can be generally used for electroreduction, such as a carbon cathode, in the presence of customary 
auxiliary electrolytes, such as ammonium and/or alkali metal salts, especially halides and perchlorates, 
preferably those distinguished by a good solubility in the aqueous organic medium used. There are used 
as solvents, besides water, customary water-miscible organic solvents, for example lower alkanols, 
such as methanol, ethanol and isopropyl alcohol, or dimethylformamide, and similar lower ahphatic 

40 amides, or alternatively nitriles, such as acetonitrile, ethers, such as diethyl ether, 1 ,2-dimethoxyethane 
and 1 2-diethoxyethane and cyclic ethers of the tetrahydrofuran type, ketones, such as acetone, 
carbonates, such as dimethyl and diethyl carbonate, and sulphoxides, such as especially dimethyl 
sulphoxide. The temperature of the electroreduction can vary within a wide range, that is from 
approximately -20°C to the boiling temperature of the reaction mixture, but preferably it is room ^ 

45 temperature or below. . 

Another suitable variant of the reductive splitting is reduction by a metal, especially zinc or 
alternatively magnesium. For this, under certain circumstances the usual vigorous conditions can be 
applied, for example approximately 90% aqueous acetic acid as medium and/or elevated temperature 
up to the boiling point of the mixture with correspondingly shortened reaction time. Preferably, 

50 however, the reduction is carried out under the gentlest possible conditions, for example in the above- 
mentioned preferred pH range in the region of the neutral point and at temperatures of from 
approximately 0° to approximately 40°C. preferably approximately 10— 25°C; normally an 
approximately tenfold molar excess of metal, preferably zinc in the form of zinc dust, is used, which 
directly before the reaction is advantageously activated in conventional manner, for example by stirring ' 

55 W ith dilute hydrochloric acid and carefully washing until neutral. To achieve the desired buffer effect, 
advantageously ammonium salts by hydrohalic acids can be used, especially those to be found in the 
respective group of the formula I to be split off. The reduction is carried out in the above-mentioned 
organic solvents or mixtures thereof; protic solvents are preferred. Other conventional variants of the 
reduction process can also be used, for example reduction with metal cations in low valency stages, for 

60 example chromium(ll) salts, such as chromium(ll) chloride or acetate, reduction with complex metal 
hydrides, for example sodium borohydride and related lower alkoxy sodium borohydrides and lower 
alkoxylithium borohydrides, and catalytic hydrogenation, for example with a palladium catalyst. 

Preferably, when several protected functional groups are present, the protecting groups are so 
selected that more than one such group can be split off simultaneously, for example by acidolysis, such 

65 as by treating with trifluoroacetic acid or formic acid, or by reduction, such as by treating with zinc and °a 
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acetic acid, or with hydrogen and a hydrogenation catalyst, such as a palladium-on-carbon catalyst. 
Sa/t format/on: 

• Salts of compounds of the formula I having salt-forming groups can be manufactured in a manner 
known per se. Thus, salts of compounds of the formula I having acid groups can be formed, for example 
t> by treating with metal compounds, such as alkali metal salts of suitable organic carboxylic acids for 5 
= example the sodium salt of a-ethylcaproic acid, or with inorganic alkali metal or alkaline earth metal 
salts, for example sodium bicarbonate, or with ammonia or a suitable organic amine, preferably 
stoichiometric quantities or only a small excess of the salt-forming agent being used. Acid addition salts 
of compounds of the formula I are obtained in the customary manner, for example by treating with an 
i O acid or a suitable anion exchange reagent. Internal salts of compounds of the formula I that contain for 1 0 
example, a free carboxyl group can be formed, for example by neutralising salts, such as acid addition 
salts, to the isoelectric point, for example with weak bases, or by treating with liquid ion exchangers. 

Salts can be converted in the customary manner into the free compounds; metal and ammonium 
salts can be converted, for example by treating with suitable acids, and acid addition salts can be 
1 o converted, for example by treating with a suitable basic agent. 1 5 

The sulphoxide of the formula (lla) in which the index n has the value 1 may be used in the 1 R- or 
1 S-confiquration or as a mixture of the two isomers. 

Similarly, in a starting material of the formulae (lla-c), the 6-position may have the R- S- or the 
Reconfiguration. In the case where oxidation is involved the configuration at the 6-carbon atom is 
retained. If a mixture of the 6R- and 6S-compounds of the formula (lla) is used, a mixture of the 6R- and 20 

mt COr !l P /H U r. dS ° f ^ f0rmula (,) is obtained lf a ™* tu re of the 6R and 6S-compounds of the formulae 
(lib) and (lie) is used, the 6R-compound of the formula (I) is preferentially obtained. 

Mixtures of isomers can be separated into the individual isomers in a manner known per se for 
example by fractional crystallisation, chromatography, etc. 
25 The process also includes those embodiments according to which compounds formed as 25 

intermediates are used as starting materials and the remaining process steps are carried out with these 
or the process is discontinued at any stage; furthermore, starting materials may be used in the form of ' 
derivatives or formed during the reaction. 
on J Preferably, the starting materials and the reaction conditions are so chosen that the compounds 
JO described above as being especially preferred are obtained. 30 

Starting materials 

The starting materials of the formulae (lla) and (lie) used in the process for the manufacture of the 
compounds of the present invention are novel. They may be manufactured in a manner known per se. 
The present invention relates also to these compounds together with the processes for their 
35 manufacture. Compounds of the formulae (lla) and (lie) in which R 2 is carboxyl or esterified carboxyl 35 
that can be split under physiological conditions and the pharmaceutical^ acceptable salts of such 
compounds haying a salt-forming group have pharmaceutical properties similar to those of compounds 
of the formula (I). K 

The compounds of the formula (lla) may be manufactured, for example, by 
40 a') introducing the group R, — CH 2 — into a compound of the formula ' 40 



r 



H S 




(III), 



in which the index n has the value 0 or 1 and R 2 represents an esterified carboxyl group, or 
b') in a compound of the formula 
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R 1- 




(IV). 



in which R„ R 2 and the index n have the meanings given under formula (Ha) and Y represents a group 
that can be converted into a hdyrogen atom, converting the group Y into a hydrogen atom and, rf 
desired or necessary, in a resulting compound converting a group R, into a different group R, and/or a 
5 group R, into a different group R 2 , and/or converting a resulting 1 -sulphide into a 1 -sulphox.de or a 
?esul!ing 2 1 I -sulphoxide into a 1 -sulphide, and/or a resulting salt into the free compound or into a 
different salt, and/or a resulting free compound having a salt-forming group into a salt a "wor 
separating a resulting mixture of isomeric compounds of the formula (I) into the indivKhial isomers. 
The introduction of a group R, — CH 2 — and the exchange of Y for hydrogen is effected 
1 n analoaouslv to the processes described under b) and c). 

The compounds of the formula (Ma) that can be obtained according to processes (a') and (b ) may 
be converted into different compounds of the formula (lla) by subsequent operations, it being Possible 
. to use for the conversion of R, into a different R„ and of R 2 into a different R 2 , for the manufacture of the 

salts and for the manufacture of the free compounds from the salts, and for the separation of the 
5 mixture of isomers into the individual isomers the same processes as those specified for the 
corresponding subsequent operations in the processes for the manufacture of compounds of the 

formula (I). . su |phoxides of compounds of the formula (lla), in which the index n has 

the value ?tef % ^£fikta * Kfbnnuui (lla), in which the index n has the value 0, may also be 
20 effected ana SouslJ to the oxidation of compounds of the formula (lla) to form sulphones of the 
° forSa S),f being necessary correspondingly to reduce the quantity of oxidising agent ,f over oxidation 

|S t0 TheTeduction of 1 -suboxides of the formula (lla) to the 1 -sulphides is effected by means of 
ruetho^axSek^ in penicillin and cephalosporin chemistry, for example by treating with 

25 V^^^«^^ m gre kpown or may be manufactur ed in a manner known per 

S8 ' The compounds of the formula (lie) maybe manufactured from compounds of the formula (IV) by 
30 """ftl rlTco m 7und?o?the formula (...) and the 6-ha.o derivatives thereof are known or may 

^ "'flSX^^^^ < IV > ma V be manufactured in e manner known per se. for 
example, by introducing the group R, — CH 2 — into a new compound of the formula 
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20 



25 



3" 




or 




(V) 



(VI) 



35 in which the index n has the value 0 or 1 , and R 2 represents an estenfied carboxyl group, for example 
chlorine, iodine or. especially, bromine, analogously to one of the processes mentioned under b) for the 
manufacture of compounds of the formula (lla). If a compound of the formula (V) is used as starting 
material the anion is produced preferably with potassium carbonate in dimethylformamide, for example 
according to P. H. Bentley and J. P. Clayton, J. C. S. Chem. Comm., 1 974. page 278. 
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The compounds of the formulae (V) and (VI) are known or may be manufactured in a manner 
known per se. 

The compounds of the present invention are distinguished by an excellent /Hactamase-inhibiting 
action which may be demonstrated, for example, in vitro by the inhibition of /^-lactamases of 
Staphylococcus aureus, Enterobacter cloacae, pseudomorrads, Morganei la morganii, Escherichia coli, 
Haemophilus influenzae and Bacteroides fragilis. The preferred compounds especially are distinguished 
by an lg 0 (the concentration of the test substance that inhibits 50% of the ^-lactamase) of 
approximately 1 .2 to 0.026 juM. 

As a result of this /Hactamase-inhibiting action, the compounds of the present invention increase 
the action of /5-lactam antibiotics in vitro and in vivo, as can be ascertained by comparing the antibiotic 
actions of compounds of the present invention and of /5-lactam antibiotics, alone and in combination 
with one another. For example, in vitro, the MIC values of 1 :1 combinations of the compound of the 
formula (I) according to the invention, in which R, represents hydroxy and R 2 represents carboxy, or the 
sodium salt thereof with ampicillin, cefsulodin (CGP7174/E) or cefotiam (CGP14221/E) against a series 
1 5 of the above-mentioned, /3-lactamase-producing microorganisms are significantly lower than the MIC 
values of the individual compounds. In vivo, for example when administered subcutaneously to mice 
infected with /Mactamase-producing microorganisms, for example with Escherichia coli 205 R + TEM or 
Morganella morganii 2359, a significant reduction in the ED 50 values in comparison with those of the 
individual constituents was detected. Some of the values have been compiled in the following table: 



10 
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Infecting 
microorganism 




S.C. 


ED S0 (mg/kg. mice) 


A 


B 


A+B (1:1) 


Esch. coli: 205 RT 


100 




70 


14 


Morganella morg. 2359 


100 




75 


18 



A = 



sodium salt of (3R, 5R, 6R)-2 f 2-dimethyl-6-hydroxy-ethylpenam- 
3-carboxylic acid 1,1-Jioxide. 



B = cefotiam. 



Accordingly, the /Hactamase-inhibiting compounds of the present invention, including 
pharmaceutical^ acceptable salts thereof, are valuable in the treatment of infections in humans and 
animals that are produced by /5-lactamase-producing microorganisms and for combating of which /3- 
lactamase-sensitive antibiotics are used. The active compounds of the present invention may be 
25 administered either before or, especially, simultaneously with the actually effective antibiotic. The dose 25 
of /J-lactamase-inhibitors according to the invention is from approximately one tenth to approximately 
ten times, especially approximately one fifth to approximately five times, the quantity of antibiotic to be 
used. 

The pharmacologically acceptable compounds of the present invention can be used for the 
30 manufacture of pharmaceutical preparations which contain an effective amount of the active substance 30 
according to the invention either alone or in admixture with inorganic or organic, solid or liquid, 
pharmaceutically acceptable carriers and, optionally, a /Mactam antibiotic, and which are suitable for 
oral or for parenteral, i.e. intramuscular, subcutaneous or intraperitoneal, administration. 

For the manufacture of pharmaceutical preparations that, in addition to a /J-lactamase-inhibiting 
35 compound of the present invention, also contain a /Mactam antibiotic, it is possible to use any " 35 
antibiotics that contain the /Mactam structure, there being preferred penicillin and cephalosporin 
antibiotics and also the penem antibiotics which are unstable towards ^-lactamases. 

Suitable penicillins and cephalosporins may be found in the synoptic publications of E. H. Flynn, 
Cephalosporins and Penicillins, Academic Press, New York and London, 1 972; P. G. Sammess, Chem. 
40 Rev., 1 976, Vol. 76, No. 1 , pages 1 1 3—1 1 5; J. Cs. JSszberdnyi and T. E. Gunda, Progr. Med. Chem., 40 
• Vol. 1 2, 1 975, pages 395—477; J. Elks, Recent Advances in the Chemistry of /5-Lactam Antibiotics, 
The Chemical Society, Burlington House, London W1 V 0BN, 1 977; the Merck Index, 9th Ed., Merck & 
Co. Inc., Rahway, N. J„ USA, 1 976, and the Encyclopaedia of Antibiotics, sec. Ed., John Wiley & Sons 
(1978). 

45 Suitable penicillins are, for example, penicillin V (for example in the form of the potassium salt), 45 

benzylpenicillin (for example in the form of the potassium or sodium salt), propicillin (for example in the 
form of the potassium salt), epicillin, cyclacillin, azidocillin, or penicillins from the group of optionally 
substituted ar-aminobenzylpenicillins, for example ampicillin, amoxicillin, apalcillin, pirbenicillin, 
hetacillin, metampicillin.or 4-acetoxyampicillin. 
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Suitable penicillins are also those from the groups of carboxypenicillins, sulphopenicillins, 
ureidopenicillins, acylureidopeniclllins and methyleneaminopenicillins. 

The groups of carboxy- and suLpho-penicillins include, for example, carbencillin (sodium salt), 
carfecillin, indanylcarbenicillin, ticarcillin (disodium salt), and sulfocillin (sulbenicillin; for example in the ' 

5 form of the disodium salt): 5 
Ureidopenicillins and acylureidopenicillins suitable for the above-mentioned pharmaceutical 
mixtures are, for example, azlociilin, mezlocillin and furazlocillin and 6/3-[D — 2 — (4 A 2,3-idoxo-1 - * 
piperazinocarboxamido)-phenylacetamido]-penicillanic acid, in which A is hydrogen or a substituent, 
especially lower alkyl, for example methyl or ethyl. Special mention should be made of piperacillin. The 

1 0 ureidopenicillins and acylureidopenicillins are preferably used in the form of salts, especially in the form 1 0 
of sodium salts. 

Suitable methyleneaminopenicillins are, for example, 6/Hl-azacyclylmethyleneamino)- 
penicillanic acids, especially mecillinam and salts thereof, such as sodium salts, and pivmecillinam. 
Suitable cephalosporins are, for example, cefaclor, cefadroxil, cefamandol, cefamandol-nafat, 
1 5 cefaparol, cefatrizin, cefazolin, cefonicid, cefoperazon, ceforanid, cefotaxime, cefotiam (in the form of 1 5 
the dihydrochloride), cefroxadin, cefsulodin, ceftezol, cephalexin, cephaloglycin, cephaloridin, 
cephalothin, cephapyrin (sodium salt), cephadrin, cefatriaxon, 7^-[2-<2-aminothiazol-4-yl)-2-(2- 
carboxyprop-2-yloxyimino)-acetamido]-2-pyridinyl-3-cephem-4-carboxyiate (GR 20263), sodium salt 
of 7M2-(2-aminothiazol-4-yl)-2-methoxyiminoacetamido]-3-( 1 -methyltetrazol-5-ylthiomethyl)-3- 
20 ceDhem-4-carboxylic acid (SCE 1 365), 7^-[2-(2)-aminothiazol-4-yl)-2-5yn-methoxyimino)-acetamido]- 
3-acetoxymethyl-3-cephem-4-carboxylic acid (CGP 1 7845), 7j3-[2~(2-aminothiazoI-4>yl)-2-SKn- 
methoxyimino)-acetamido]-3-acetoxymethyl-3-cephem-4-carboxylic acid pivaloyloxymethyl ester 
(optionally in the form of the hydrochloride (CGP 1 8658/A)), 7^-{(2R)-2-[4-((2R-2-amino-2- 
carboxyethoxycarbonylamino)-phenylI-2-hydroxyacetylamino}-3-[( 1 -methyl-1 H-tetrazol-5-yl)- 
25 thiomethyl]-3-cephem-4-carboxylic acid (sodium salt; CGP 1 7520), and also 1 -oxacephalosponns, for 25 
example 7M2-(p-hydroxyphenyl)-2-carboxyacetamido]-3-[(1 -methyl-1 H-tetrazol-5-yl)-thiomethyi]-1- 
dethia-1 -oxa-3-cephem-4-carboxylic acid (disodium salt; LY 1 27935 or S 6059). 

Suitable penam antibiotics are known from European Patent Application 3960 and include, for 
example. 6 — R, — 2 — R 2 -penbem-3-carboxylic acids in which R, represents lower alkyl or hydroxy- 
30 lower alkyl, and R 2 represents hydrogen, optionally substituted lower alkyl or lower alkylthio, for 30 
example (5R,6R)-6-hydroxymethyl-penem-3-carboxylic acid and (5R,6R)-6-[(1 R)-1-hydroxyethylJ- 
penem-3-carboxylic acid and salts thereof, for example the sodium salts. 

In stead of the free carboxylic acids of the above-mentioned /5-lactam antibiotics or salts thereof, it 
is also possible to use in the mixture the customary esters that can be split physiologically, for example 
35 pivaloyloxymethyl esters, acetoxy methyl esters, 1-ethoxyc a rbonyloxy methyl or 1 - 35 
ethoxycarbonyloxyethyl esters or phthalidyl esters; instead of the above-mentioned free compounds it is 
also possible to use pharmaceutical^ acceptable salts thereof, including the internal salts and hydrates, 
and instead of the above-mentioned salts it is also possible to use free compounds thereof. The choice 
depends on the method of administration, the desired pH value and/or the desired concentration of a 
40 solution to be injected. 40 
The ratio of the /5-lactamase-inhibiting compounds of the present invention to the actually 
effective antibiotic in the pharmaceutical preparations according to the invention may vary within a 
wide range and is approximately between 1 :1 0 and 1 0:1 , preferably between 1 :5 and 5:1 , and is, for 
example, 3:1 , 2:1 , 1 :1 , 1 :2, 1 :3, 1 :4, 1 :5 or 1 :6. The penicillin and cephalosporin antibiotics are 
45 incorporated in the preparations either in the customary quantity, in which case it is possible to achieve 45 
a longer duration of action, or alternatively in a quantity smaller than is customary, in which case, 
however, it is necessary to proportion the quantity such that the antibiotic activity is approximately 
equal to that when the preparations is administered without the addition of the /^-lactamase inhibitor. 
Pharmaceutical preparations or combination preparations that contain a /Mactamase-inhibiting 
50 compound of the present invention, optionally together with a /3-lactam antibiotic, can be manufactured 50 
in the same manner as that known for the ^-lactam antibiotics alone. In the combination preparations, 
the addition of the /J-lactamase-inhibiting compounds according to the invention is effected within the 
mixture ratios specified. In combination preparations, the two active substance can either be 
homogeneously mixed or be arranged next to one another in separate compartments. 
55 The pharmacologically active compounds of the present invention are preferably used in the form 55 

of parenteral^, for example intramuscularly or intravenously, administrable preparations or in the form 
of infusion solutions. Such solutions are preferably isotonic aqueous solutions or suspensions, it being 
possible to manufacture these before use, for example from lyophilised preparations which contain the 
active substance alone or together with a carrier, for example mannitol. The pharmaceutical 
60 preparations can be sterilised and/or contain adjuncts, for example preservatives, stabilisers, wetting 60 
agents and/or emulsifiers, solubilisers, salts for regulating the osmotic pressure and/or buffers. The 
present pharmaceutical preparations which, if desired, may contain further pharmacologically valuable 
substances, are manufactured in a manner known perse, for example by means of conventional 
dissolving or lyophilising processes, and contain from approximately 0.1% to 1 00%, especially from 
65 approximately 1 % to approximately 50%, and in the case of lyophilisates up to 1 00%, of active 65 
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substances. Compounds of the formula I, especially those in which R 2 represents an esterified carboxyl 
group that can be split physiologically, for example pivaloyioxymethoxycarbonyl, can also be 
administered orally, for example as a granulate in the form of capsules. The pharmaceutical preparations 
. contain the active substance or, optionally, the two active substances, optionally together with suitable 
5 carriers, in doses of from approximately 0.05 g to approximately 1 .0 g per dosage unit. 5 
According to the type of infection, the condition of the infected organism and, optionally, the 
i antibiotic activity of the /J-lactam antibiotic, daily doses of from approximately 0.1 g to approximately " 
5 g are used for the treatment of warm-blooded animals weighing approximately 70 kg. In general, the 
dose for the combination preparations lies in the same order of magnitude as the dose in which the &- 
1 0 lactam antibiotic is used alone. 10 
Certain compounds of the the present invention intensify the antibiotic action of some fl-lactam 
antibiotics in a synergistic manner. In such cases the dose can be reduced. 

The following Examples serve to illustrate the invention. Temperatures are given in degrees 
Centrigrade. TLC represents thin-layer chromatography. 

15 EXAMPLE 1 15 
(3R,5R,6R and 6S)-2,2-dimethyl-6-hydroxymethylpenam-3-carboxylic acid dfphenyfmethyf ester. 

A solution of 1.0 g (2.12 mmol) of (3R,5R,6S)-2,2-dimethyl-6-iodopenam-3-carboxylic acid 
diphenylmethyl ester in 25 ml of tetrahydrofuran is cooled to -78° and 1 .2 mi (2.12 mmol) of a 1 .8 
molar solution of methylmagnesium bromide in diethyl ether is added. After 1 0 minutes at -78°, 
20 formaldehyde gas is passed over the solution while stirring well. After \ hour, a TLC sample shows 20 
complete conversion. After 40 minutes, the reaction solution is neutralised with 0.4 ml of glacial acetic 
acid, diluted with ethyl acetate and washed with aqueous sodium bicarbonate solution and sodium 
chloride solution. The organic phases are dried over sodium sulphate and concentrated in a rotary 
evaporator. The residue is chromatographed on 1 00 g of silica gel with the solvent system toluene/ethyl 
25 acetate 2:1 and yields a mixture of the 6R and 6S title compound in a ratio of 2:3. 25 
TLC: silica gel, toluene/ethyl acetate R f = 0.38 
IR spectrum (CH 2 CI 2 ): absorption bands at 2.79, 5.63, 5.73 p. 

EXAMPLE 2 

f 1 R,3R.5R,6R)-, (1 S,3R,5R,6Rh and (1S,3R,5R,6S)-2,2-dimethyf-6-hydroxymethyfpena 
30 acid diphenylmethyl ester 1 -oxide. 

A solution of 1 .22 g (3 mmol) of a 2:3 mixture of (3R,5R,6R)- and (3R,5R,6S)-2,2-dimethyl-6- 30 
hydroxy methy!penam-3-carboxy lie acid diphenylmethyl ester in 30 ml of chloroform is cooled to -6° 
and 590 mg (3.09 mmol) of 90% m-chloroperbenzoic acid are added. After 20 minutes, the reaction 
solution is washed with aqueous sodium thiosuiphate solution and aqueous sodium bicarbonate 
35 solution. Then aqueous phase is subsequently extracted twice with chloroform. The combined 
chloroform solutions are dried over sodium sulphate and concentrated in a rotary evaporator. The 
residue is chromatographed on 45 g of silica gel with the eluant system toluene/ethyl acetate 1 :2. The 
three title compounds were eluted In the sequence given: 
1- (1R,3R,5R,6R)-isomer: 
40 TLC: silica gel, toluene/ethyl acetate R f = 0.23. 

IR spectrum (CH 2 CI 2 ): absorption bands at 2.75, 2.94, 5.59, 5.69 u. 40 
2. (1S,3R,5R,6R)-isomer: 

TLC: silica gel, toluene/ethyl acetate R f = 0.21 . 
IR spectrum (CH 2 CI 2 ): absorption bands at 2.75, 2.95, 5.57, 5.69 u. 
45 3. (1S,3R,5R,6S)-isomer: 

TLC: silica gel, toluene/ethyl acetate R f = 0.1 6. 45 
Melting point: 1 35°— 1 38°C. 

IR spectrum (CH 2 CI 2 ): absorption bands at 2.76, 2.9, 5.58, 5.69 p. 
EXAMPLE 3 

50 [(3R,5R,6R)-2,2-dimethyl-6-hydroxymethylpenam-3-carboxylic acid diphenylmethyl ester 1,1 -dioxide 50 

• a) 3.81 g (9.22 mmol) of a mixture of (1R,3R,5R,6R)-ancf(1S,3R,5R,6R)-2,2-dimethyl-6- 
hydroxymethylpenam-4-carboxylic acid diphenylmethyl ester 1 -oxide are dissolved In 1 1 4 ml of 
chloroform and 1 .86 g (10.8 mmol) of 90% m-chloroperbenzoic acid are added at room temperature 

• After stirring for 1£ hours, working up is carried out with aqueous sodium thiosuiphate solution 

55 aqueous sodium bicarbonate solution and aqueous sodium chloride solution. The aqueous phases are 55 
subsequently extracted twice with chloroform. The combined organic solutions are dried with sodium 
sulphate and concentrated in a rotary evaporator. The residue is dried under a high vacuum and 
purified by chromatography on 38 g of silica gel with the solvent system toluene/ethyl acetate 3:1 
The title compound is obtained having an R, value = 0.23 (silica gel, toluene/ethyl acetate). 

60 IR spectrum (CH 2 CI 2 ): absorption bands at 2.78, 5.55, 5.68, 7.52 p. 60 

The same compound can also be obtained as follows: 
b) 0.5 (1 .26 mmol) of (3R,5R,6R)-2,2-dimethyi-4-hydroxymethylpenam-4-carboxylic acid 
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up is carried 



^hanwimrfhvl ester is dissolved in 1 3 ml of chloroform and 0.5 g (2.6 mmol) of 90% m- 
^S^o^s Sd at room temperature. After stirring for 1 } hours, working t 

X aa wus sodium thiosulphate solution, aqueous sodium bicarbonate solution and aqueous 
Hinm rZn5 S^The aqueous phases are subsequently extracted twice with chloroform. 
5 ThtTmbte £Sril>.M with sodium sulphate and concentrated in a rotary evaporator. 
The residue is dried under a high vacuum and purified by chromatography on 1 0 g of s.l.ca gel with the 
solven? sySem Toluene/ethyl acetate 3:1 . The title compound is obtained having the same analytical , 
data as given under a). 

10 So^h!msanof(3R f 5R,6R)-2,2-dimethyl-6-hydroxYm acid 11 -dioxide. 

a) 3.34 g (7.78 mmol) of (3R,5R,6R)-2,2-dimethyl-6-hydroxymethylpenam^ acid 

d bhenylmethyl ester 1 ,1 -dioxide are dissolved in 1 00 ml of tetrahydrofuran, 1 .3 g of Pd/C 1 0% is added 
and hvd ogena ion is carried out under normal pressure at room temperature. After a react.on penod of 
6 hoCrs the ^catalyst is filtered off and the filtrate is concentrated in a rotary evaporator. The residue is 
1 5 taken up in water/ethyl acetate and 653 mg (7.78 mmol) of sodium bicarbonate are added. The 

aqueous phase is extracted three times with ethyl acetate. The organic phases are washed twice with 
water. After lyophilisation of the combined aqueous phases, the title compound is obtained in the form 

of a white powder. 

IR spectrum (KBr): 
20 absorption bands at 2.9, 5.63, 6.18, 7.19, 7.61 p. 

The same compound can also be obtained as follows: 

b) 80 mg (0.41 mmol) of 90% m-chloroperbenzoic acid are added at room temperature to a solutron 
of 0.1 g (0 38 mmol) of (1 R,3R.5R,6R)-2,2^imethyl-6-hydroxymethylpenam-3-carbo^ c ac d 1 -ox.de 
in 1 0 ml of water/tetrahydrofuran 1 :1 . After stirring for 1} hours, aqueous sod.um ^^ te ??^° n 

25 is added. The aqueous phase is adjusted to pH 6.8 with IN sodium hydroxide solution and I 'yopW"sed. 
The resulting title compound is purified by chromatography on UPC 12 plates (eluant: H 2 0, R ( = U.obj. 

c) The title compound is also obtained analogously to b), using, as starting material. 0.1 g (0.37 
mmol) of the sodium salt of ( 1 S,3R,5R,6R)-2.2-dimethyl;-6-hydroxymethylpenam-3-carboxyl.c acid 1 - 

30 oxide dissolved in 1 0 ml of water/tetrahydrofuran 1:1. 

d) 0 1 72 a (0.88 mmol) of 90% /n-chloroperbenzoic acid is added at room temperature to a solution 
of 0 1 5 a (0 59 mmol) of the sodium salt of'(3R,5R,6R)-2,2-dimethyl-6-hydroxymethylpenam : 3- 
carboxylic acid in 10 ml of water/tetrahydrofuran 1 :1 . After stirring for 1* hours aqueous sod.um 
thiosulphate solution is added. The aqueous phase is adjusted to pH 6.8 with 1 N I sodium hydroxide 

35 solution and lyophilised. The title compound is purified by chromatography on UPC 12 plates (eluant: 
. H 2 0, R,=0.58). 

e) 82 1 mg (1 .58 mmol) of (3R,5R,6R)-6-benzyloxymethyl-2,2-dimethylpenam-3-carboxyt^ 
diphenylmethyl ester 1 ,1 -dioxide are dissolved in 10 ml of tetrahydrofuran, 400 mg of Pd/C 10% are 
added and hydrogenation is carried out under normal pressure at room temperature. After a reaction 

40 period of 6 hours, the catalyst is filtered off and the filtrate is concentrated in a rotary evaporator. The 
residue is taken up in water/ethyl acetate and adjusted to pH 6.5 with aqueous ^aturated sodium 
bicarbonate solution. The aqueous phase is extracted three times with ethyl acetate The wjaroc phases 
are washed twice with water. After lyophilisation of the combined aqueous phases, the tit e compound 
is obtained in the form of a white powder. The IR-spectrum is identical with that of Example 4a). 

45 f^R^-Z2-dimethyl-6-hydroxymethylpenam-3-carboxylic acid diphenylmethyl ester 1,1 -dioxide. 

0 73 g of 90% m-chloroperbenzoic acid are added at room temperature to a solution of 1.5 g I3.b 
mmol) of (1 S 3R,5R,6S)-2,2-dimethyl-6-hydroxymethylpenam-3-carboxylic acid diphenylmethyl ester 
1 -oxide in 45 ml of chloroform. After stirring for 1 \ hours, working up is carried out with aqueous 

50 sodium thiosulphate solution, aqueous sodium bicarbonate solution and aqueous sod.um chloride 
solution. The aqueous phases are extracted twice with chloroform, the combined organic solutions are 
dried with sodium sulphate and concentrated in a rotary evaporator. The residue is dried under a high 
vacuum and purified by chromatography on 1 6 g of silica gel with the eluant toluene/ethyl acetate 3:1 . 
The pure title compound is obtained. 

55 TLC: silica gel, toluene/ethyl acetate 3:1 , R, = 0.22. 

IR spectrum (CH 2 CI 2 ): absorption bands at 2.76, 5.55, 5.67 fi. 

Sorf/Hm sa/r ofW.5R,6S)-2,2-dimethyl-6-hydroxymethylpenam-3-carboxylic acidl. 1 -dioxide. 

A solution of 0.82 g (1.9 mmol) of (3R,5R,6S)-2.2-dimethyl-6-hydroxymethylpenam-3-carboxylic 
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acid diphenylmethyl ester 1 ,1 -dioxide in 25 ml of tetrahydrofuran is hydrogenated in the presence of 
Pd/C 1 0% under normal pressure at room temperature. After a reaction period of 8 hours, the catalyst is 
filtered off and the filtrate is concentrated in a rotary evaporator. The residue is taken up in water/ethyl 
. acetate and 1.9 ml of 1JM NaOH is slowly added (pH ~ 6.9). The aqueous phase is extracted three times 
5 with ethyl acetate. After lyophilisation of the aqueous phase, the title compound is obtained in the form 5 
of a white powder. 

TLC: UPC 12 plates, H 2 0, R f = 0.58 

IR spectrum (KBr): absorption bands at 2.9, 5.63, 6.20 /i. 

EXAMPLE 7 

10 (1R,3R,5R,6Rhand(1S,3R,5R,6R)-2,2-dimethyt-6-tert.-butyW^ 10 
carboxylic acid diphenylmethyl ester 1 -oxide. 

24.3 g (58.9 mmol) of a mixture of (1R,3R,5R t 6R)-and (1S,3R,5R,6R)~2,2-dimethyl-6-hydroxy- 
methylpenam-3-carboxylic acid diphenylmethyl ester 1 -oxide are dissolved in 97 ml of 
dimethylformamide and, at room temperature under nitrogen, 18.31 g (1 1 7.8 mmol) of tert- 
1 5 butyldimethylchlorosilane (97%) and 1 6.2 g (235.6 mmol) of imidazole are added. After stirring for 70 1 5 
minutes, the mixture is diluted with ethyl acetate and the organic phase is washed three times with 
aqueous sodium chloride solution. The ethyl acetate solution is dried with sodium sulphate and 
concentrated in a rotary evaporator. The crude product is chromatographed on 1.1 kg of silica gel with 
the eluant system toluene/ethyl acetate 5:1 . The two title compounds are eluted in the sequence qiven- 
20 1. (1S,3R,5R,6R)-isomer: 20 
TLC: silica gel, toluene/ethyl acetate 5:1 , R f = 0.54. 
IR spectrum (CH 2 CI 2 ): absorption bands at 3.42, 5.61 , 5.71 u. 
2. (1 R,3R,5R,6R)-isomer: 

TLC: silica gel, toluene/ethyl acetate 5:1 , R f = 0.4. 
25 IR spectrum (CH 2 CI 2 ): absorption bands at 3.42, 5.61, 5.71 /u. 25 

EXAMPLE 8 

( 1 S,3R,5R f 6Rh2 f 2-dimethyl-6-hydroxymethylpenam-3-carboxylic acid diphenylmethyl ester 1 -oxide. 

A solution of 3.13 g (5.9 mmol) of (1 S,3R # 5R,6R)-2 f 2-dimethyl-6-tert.-butyldimethylsilyloxy- 
methylpenam-3-carboxylic acid diphenylmethyl ester 1 -oxide in a mixture of 46 ml of tetrahydrofuran, 
30 93.9 ml of acetic acid and 3 1 ml of water is heated at 50°C for 7 hours. The reaction solution is 30 
concentrated in a rotary evaporator and the oily residue is taken up in ethyl acetate. The organic phase 
is washed with aqueous sodium bicarbonate solution and then twice with saturated aqueous sodium 
chloride solution. After drying the organic phase over sodium sulphate, the solution is concentrated 
in a rotary evaporator and the crude product is purified on 76 g of silical gel with the eluant system 
35 toluene/ethyl acetate 1 :1 . The pure title compound is obtained. «c 

TLC: silica gel, toluene/ethyl acetate 1 :1, R f = 0.1 5. 

IR spectrum (CH 2 CI 2 ): absorption bands at 2.75, 2.95, 5.57, 5.68 p. 

The compound can be converted into the 1,1 -dioxide analogously to Example 3. 

EXAMPLE 9 

40 ( 1R,3R,5R,6Rh2 t 2-dimethyl-6-hydroxymethYlpenam-3-carboxylic acid diphenylmethyl ester 1 -oxide. 40 

(1R,3R,5R,6R)-2,2-dimethyl-6-tert.-butyldimethylsilyloxymethylpenam-3-carboxylicacid 
diphenylmethyl ester 1 -oxide may be converted into the title compound analogously to Example 8. 
TLC: silica gel, toluene/ethyl acetate 1 :1 , R # - 0.1 6 
IR spectrum (CH 2 CI 2 ): absorption bands at 2.75, 2.95, 5.59, 5.69 p. 

45 EXAMPLE 10 45 
Sodium salt off 1 S g 3R,5R f 6R)-2,2-dimethyl-6'hydroxymethyipenam-3-carboxylic acid 1 -oxide. 

After the addition of 1 .95 g of Pd/C 10%, a solution of 1 .62 g (3.92 mmol) of (1 S,3R,5R.6R)-2,2- 
dimethyl-6-hydroxymethylpenam-3-carboxylic acid diphenylmethyl ester 1 -oxide in 8 ml of 
tetrahydrofuran is hydrogenated at rcom temperature. After 5 hours, a further 2 g of Pd/C 1 0% are 
50' added and hydrogenation is continued for a further 22 hours. The mixture is then filtered through Hyflo 50 
and the clear solution is concentrated in a rotary evaporator. Ethyl acetate and water are added to the 
residue. While measuring the pH, 1 N NaOH is slowly added dropwise until pH 6.9 is reached. The ethyl 
• acetate phase is separated off and the aqueous phase is lyophilised. The sodium salt of the title 
compound is obtained in the form of a white power. 
55 TLC: UPC 12 plates, H 2 0, R f = 0.62 55 

IR spectrum (Nujol): absorption bands at 3.05, 5.60, 6.20 jll 
("Nujol" is a registered Trade Mark) 



60 



EXAMPLE 1 1 

( 1R t 3R,5R,6R)-2,2-dimethyl-6-hYdroxymethYlpenam-3-carboxylic acid. 

After the addition of 7.66 mg of Pd/C 1 0%, a solution of 638 mg (1 .54 mmol) of (1 R,3R,5R,6R)- 60 
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2 2-dimethyl-6-hydroxymethylpenam-3-carboxylic acid diphenylmethyl ester in 8 ml of tetrahydrofuran 
?s h^drCnated at room temperature. After 23 hours. 766 mg of Pd/C 1 0% are added and 
hvdroaenation is continued for a further 7.5 hours. The reaction solution is filtered through Hyflo 
SSSES Trade Malic) and concentrated in a rotary evaporator. The residue crysta.hses from - g 

5 methylene chloride.. 

TLC: UPC 12 plates, H 2 0, R, = 0.64 
• IR spectrum (Nujol): absorption bands at 2.8, 5.60, 5.75 p. 

10 *? er \. nor ..nHpr N 2 8 ml (30 36 mmol) of phosphorus tribromide are added to a solution of 4.0 g 

7.59 mmol) of (1 S,3R.5R,6R) -f/f l ™» ' ? ™ L, * ch | 0 ride and 20 ml of dimethylacetamide. 
acid diphenylmethyl ester 1-ox ide m 80 ml of ^^ e ~™'* tuition is added. The organic phase 
After a reaction period of 30 mi "J h e ^ dried over sodium , 5 

1 5 EKWKSXS ^^11^^^ is chromatographed on 

45 gof silica gel with the solvent system toluene/ethyl acetate 10.1 . 

TLC: silica gel, toluene/ethyl acetate 10:1, R, - 0.61 

IR spectrum (CH 2 CI 2 ): absorption bands at 3.4, 5.64. 5./^ fi- 

K P 6W-2 2- t /«r 7e t/,y/-6-/»K*ox//7,ef/ 7 K/penam-3-c a r6 0 xy// C ac/rf ^^K^et/'y/ ester. 

25 kssssSeS^ - 

organic phase is washed with aqueous sodium bicarb °"^f^", 'hata the solution is concentrated in a 

acetate 2:1 . The title compound having a melting point of 1 20.5 C is obtained. 
TLC:silicagel,toluene/ethylacetate2:1,R f = 0.37 
IR spectrum (CH 2 CI 2 ): absorption bands at 2.8, 5.65. 5.7 fi. 



the title compound. 



40 cl The title compound I. obtained in a manner analogous to M .described 4C 
(SRiaeW^romo-M-din^^ ac,d *phenylmethyl ester. 

joT:So« 3 « f o«« fa ^ 

46 dime.^!^ 

50 S e,M VUS. Tbe *,e compound Is obtained in m. form of . _ « 

* . ■ _ 



white powder. 

TLC: UPC 12 plates, H 2 0, R, = 0.45 

IR spectrum (Nujol): absorption bands at 2.93, 5.63, 6.Z/ fi. 



55 m&^oV? and 6S)-6-bromo-2,2-dimethyl-6-hydroxymethylpenam-3-carboxylic acid diphenylmethyl 55 



ester. 



A solution of 50 g (95 mmol) of (3R,5R)-6,6-dibromo-2.2-dimethylpenam-3-carboxylic acid 



diphenylmethyl ester in 370 ml of tetrahydrofuran is cooled to -78°, and 52.2 ml (95 mmol) of a 1 .82 
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molar solution of methylmagnesium bromide in diethyl ether are added. After 1 0 minutes at —78°, 
formaldehyde gas is passed over the solution while stirring well. After 2 hours, a TLC sample shows 
complete conversion. 25 ml of glacial acetic acid are added and the solution is concentrated in a rotary 
. evaporator. The residue is subsequently taken up in ethyl acetate and washed with aqueous sodium 
5 bicarbonate solution and sodium chloride solution. The crude phases are dried over sodium sulphate 5 
and concentrated in a rotary evaporator. The residue is chromatographed on 480 g of silica gel with the 
t solvent system toluene/ethyl acetate {6:1 ). A mixture of the title compounds is obtained in a ratio of of 
3(6R):1(6S). 

(6R)-isomer: 

1 0 TLC: silica gel, toluene/ethyl acetate (6:1 ), R f = 0.36 1 o 

IR spectrum (CH 2 CI 2 ): absorption bands at 2.75, 5.57, 5.70 jll 
Melting point: 1 44 — 1 46°. 
<6S)-isomer: 

TLC: silica gel, toluene/ethyl acetate (6:1 ), R f = 0.30 
1 5 IR spectrum (CH 2 CI 2 ): absorption bands at 2.75, 5.57, 5.70 /*. 15 

Melting point: 1 58 — 161 °. 

EXAMPLE 16 

(3R,5R,6R)-2,2-dimethyf-6-hydroxymethyfpenam-3-carboxyiic acid 1, 1 -dioxide. 

a) 1 g of Pd/C 1 0% is added to 2 g (4.66 mmol) of (3R,5R,6R)-2,2-dimethyl-6-hydroxymethylpenam- 

20 3-carboxylic acid diphenylmethyl ester 1 ,1 -dioxide in 20 ml of tetrahydrofuran and the solution is 20 
hydrogenated under normal pressure at room temperature. After a reaction period of 1 hour, the 
catalyst is filtered off and the filtrate is concentrated in a rotary evaporator. The residue is crystallised 
from methylene chloride/cyclohexane. The title compound having a melting point of 1 50° (with 
decomposition) is obtained. 

25 b) The same compound may also be obtained as follows: 

2 g (3.86 mmol) of (3R;5R,6R)-6-benzyloxymethyl-2,2-dimethylpenam-3-carboxylic acid 
diphenylmethyl ester 1 ,1 -dioxide are dissolved in 20 ml of tetrahydrofuran, 1 g of Pd/C 1 0% is added 
and the solution is hydrogenated for one hour under normal pressure at room temperature. After 
a reaction period of 1 6 hours, the catalyst is filtered off and the filtrate is concentrated in a rotary 30 

30 evaporator. The residue is crystallised from methylene chloride/cyclohexane. 

EXAMPLE 17 

(3R,5R,6R)-6-benzyloxymethyl-6-bromo-2,2-dimethylpenam-3-^^^ acid diphenyimethyl ester. 

a) A solution of 10 g (19 mmol) of (3R,5R)-6,6-dibromo-2,2-dimethylpenam-3-carboxylic acid 
diphenylmethyl ester in 50 ml of tetrahydrofuran is cooled to -30°, and 10.4 ml (1 9 mmol) of a 1 .8 

35 molar solution of methylmagnesium bromide in diethyl ether are slowly added. After 5 minutes at -30°, 35 
5.2 ml (38 mmol) of benzylchloromethyl ether are added. The reaction mixture is stirred for 1 hour at 
-30° and then heated to 0° within a period of £ hour. The solution is then concentrated in a rotary 
evaporator, the residue is taken up in ethyl acetate and washed with aqueous sodium bicarbonate 
solution and sodium chloride solution. The organic phases are dried over sodium sulphate and 

40 concentrated in a rotary evaporator. The residue is chromatographed on 1 30 g of silica gel with toluene 40 
as eluant. Evaporation of the solvent yields the title compound. 
TLC: silica gel, toluene, R f = 0.1 6 

IR spectrum (CH 2 CI 2 ): absorption bands at 3.45, 5.60, 5.74, 6.28 p. 

b) The same compound may also be prepared as follows: 

45 A solution of 5 g (9.5 mmol) of (3R,5R)-6,6-dibromo-2,2-dimethylpenam-3-carboxylic acid 45 

diphenylmethyl ester in 25 ml of tetrahydrofuran is cooled to -78°, and 5 ml (9.5 mmol) of a 1 .9 molar 
solution of methylmagnesium bromide in diethyl ether are slowly added. After 5 minutes at -78°, 3.8 g 
of benzylbromomethyl ether are added. The reaction mixture is heated to room temperature within a 
period of 40 minutes and then concentrated in a rotary evaporator. The residue is taken up in ethyl 

50 acetate and washed with aqueous sodium chloride solution. The organic phases are dried over sodium 50 
• sulphate and concentrated in a rotary evaporator. The residue is chromatographed on 70 g of silica gel 
with toluene as eluant. The physical-chemical data of the resulting title compound are identical with 
those mentioned under a). 

EXAMPLE 18 

55 (3R,5R,6R)-6-benzyloxymethyl-2,2-dimethylpenam-3-carb^ acid diphenyimethyl ester. 55 
A solution of 2.4 g (4.24 mmol) of (3R,5R,6R)-6-benzyloxymethyl-6-bromo-2,2-dimethylpenam- 
3-carboxylic acid diphenylmethyl ester and 1 .5 ml (5.6 mmol) of tributyltin hydride in 20 ml of toluene is 
heated at 82° under a nitrogen atmosphere for 80 minutes. The reaction mixture is then concentrated 
and the residue crystallised from isooctane. Recrystallisation from methylene chloride/isooctane yields 

60 the title compound having a melting point of 78 — 80°. «n 
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TLC: silica gel, toluene/ethyl acetate (20:1 ), R, = 0.27 
|R spectrum (CH 2 CI 2 ): absorption bands at 3.44, 5.65, 5.73 ^. 

■ 

^^R6%^-tben2yhxymethy/-2,2-dimethylpenam-3-carboxY/ic acid diphenylmethyl ester 1. 1 -dioxide. 
' 1.68 g(3A5mmol) of (3R > 5R,6R)-6-benzyloxymethyl-2,2Klimethylpenam-3^a*oxyl.c acid *> 

diphenylmethyl ester are dissolved in 1 6 ml of chloroform, and 1 .43 g (8.3 mmol) of 90% m- 
chloroperbenzoic acid are added at room temperature. After 50 minutes, working up is earned out in 
succession with aqueous sodium thiosulphate solution, aqueous sodium bicarbonate solution and 
aqueous sodium chloride solution. The aqueous phases are extracted twice with chloroform. The 
combined organic solutions are dried with sodium sulphate and concentrated in a rotary evaporator. The 
residue is dried in a high vacuum and purified by preparative thin-layer chromatography with the solvent 
system toluene/ethyl acetate (20:1 ). The crystalline title compound having a melting point of 

1 24 — 1 26.5° is obtained. 

TLC: silica gel, toluene/ethyl acetate (20:1 ), R f = 0.52 g 
1 5 IR spectrum: (CH 2 CI 2 ): absorption bands at 3.45, 5.57, 5.71 (i. 

/^j^S/y^ acid diphenylmethyl ester. 

' A solution of 1 0 g (1 9 mmol) of (3R,5R)-6,6-dibromo-2,2-dimethylpenam-3-carboxylic actd 
diphenylmethyl ester in 50 ml of tetrahydrofuran is cooled to -78°, and 9.2 ml (19 mmol) of 
20 methylmagnesium bromide in diethyl ether are added. After 5 minutes at -78°, 2.82 ml of 20 
chlorodimethyl ether are added. The reaction mixture is heated to -20° and, after 95 minutes, is 
concentrated in a rotary evaporator. The residue is taken up in ethyl acetate and washed with aqueous 
sodium bicarbonate solution and sodium chloride solution. The organic phases are dried over sodium 
sulphate and concentrated in a rotary evaporator. The residue is chromatographed on 30 g of silica gel 
25 with toluene as eluant. The pure title compound is obtained. 25 
TLC: silica gel, toluene/ethyl acetate (20:1 ), R f = 0.34 
IR spectrum (CH 2 CI 2 ):"absorption bands at 5.62, 5.73 p.. 

EXAMPLE 21 <» •_# j* i~ i / * 

(3R 5R 6R)-2,2-dimethyl-6-methoxymethylpenam-3-carboxylic acid diphenylmethyl ester. 

30 ' A solution of 7.45 g (15.1 mmol) of (3 R^R^RJ-e-bromo^^-dimethyl-e-methoxy methyl penam- 30 
3-carboxylic acid diphenylmethyl ester and 5.22 ml (1 9.7 mmol) of tributyltln hydride in 72 ml of 
toluene is heated at 82° under a nitrogen atmosphere for 45 minutes. The reaction mixture is then 
concentrated and crystallised from hexane. Re crystallisation from methylene chloride/hexane yields the 
title compound having a melting point of 84°. 

35 TLC: silica gel, toluene/ethyl acetate (20:1), R f = 0.31 3 & 
IR spectrum (CH 2 CI 2 ): absorption bands at 5.63, 5.72 p.. 

EXAMPLE 22 

(3R 5R 6R)-2 2-dimethyl-6-methoxymethy/penam-3-carboxylic acid diphenylmethyl ester 1,1 -dioxide. 
' 4.8 g (1 1 .6 mmol) of (3R,5R,6R)-2,2-dimethyl-6-methoxymethylpenam-3-carboxylic acid 
40 diphenylmethyl ester are dissolved in 48 ml of chloroform and, at 35°, 5.5 g (28.9 mmol) of 90/o 40 
chloroperbenzoic acid are added. After 2.5 hours, working up is carried out with aqueous sodium 
bisulphate solution and sodium bicarbonate solution. The aqueous phases are subsequently extracted 
twice with chloroform. The combined organic solutions are dried with sodium sulphate and 

concentrated in a rotary evaporator. The residue is crystallised from ethyl acetate/hexane and yields the 
45 title compound having a melting point of 1 20—1 26°. 45 
TLC: silica gel, toluene/ethyl acetate, R f = 0.29 
IR spectrum (CH 2 CI 2 ): absorption bands at 5.55, 5.69 p. 

EXAMPLE 23 t f f 

(3R,5R,6R)-2,2-dimethyl-6-methoxymethyfpenam-3-carboxy!icacrf 1 ,1 -dioxide. 

50 4.7 g (1 0.6 mmol) of (3R,5R,6R)-2,2-dimethyl-6-methoxymethylpenam-3-carboxylic acid 50 

diphenylmethyl ester 1 ,1 -dioxide are dissolved in 52 ml of tetrahydrofuran, 2 g of Pd/C 10% are added 
and the solution is hydrogenated under normal pressure at room temperature. After a reaction penod of " 
1 hour, the catalyst is filtered off and the filtrate is concentrated in a rotary evaporator. The residue is 
crystallised from ethyl acetate/hexane and yields the title compound having a melting point of 1 45 . 

55 TLC: UPC 12 plates, water/acetonitrile (95:5), R f = 0.37 55 

IR spectrum (CH 2 CI 2 ): absorption bands at 5.55, 5.75, 7.5 p. 



EXAMPLE 24 

(3R,5R,6R)-2,2-dimethyl-6-methoxymethylpenam-3-carboxylic acid 1 ' -ethoxycarbony foxy ethyf ester 
1,1 -dioxide. 

1 2 g of sodium iodide are dissolved in 37 ml of acetone, and 2.75 ml of ethyl-1 -chloroethyl 
5 carbonate are added. The mixture is stirred at room temperature for 3 hours. The solution is then added 5 
dropwise to 1 50 ml of methylene chloride and the inorganic salts that precipitate out are filtered off. 
- The methylene chloride solution is concentrated to 1 0 ml and, at 0°, is added to a solution of 2.5 g 
(8.05 mmol) of the sodium salt of (3R,5R,6R)-2,2-dimethyl-6-hydroxymethylpenam-3-carboxylic acid 
1,1 -dioxide in 40 ml of dimethylacetamide. The mixture is subsequently stirred for 3 hours at 0°, then 
1 0 diluted with ethyl acetate and washed three times with water. The organic phases are dried over sodium 1 0 
sulphate and concentrated in a rotary evaporator. The crude product is purified on 30 g of silica gel with 
the eluant system toluene/ethyl acetate (2:1 ). The title compound is obtained in the form of a white 
foam. 

TLC: silica gel f toluene/ethyl acetate (2:1 ), R f = 0.48 
1 5 IR spectrum (CH 2 CI 2 ): absorption bands at 2.75, 5.55, 5.65 fx. 15 

EXAMPLE 25 

(3R f 5R t 6R)-2 f 2-dimethyi-6-hydroxymethytpenam-3-carboxyiic acid pivaioyioxymethyi ester 1, 1 -dioxide. 

6 g of sodium iodide are dissolved in 20 ml of acetone, and 1 .5 ml of pivalic acid chloromethyl 
ester are added. The mixture is stirred at room temperature for 3 hours and then added dropwise to 75 
20 ml of methylene chloride. The inorganic salts that precipitate out are filtered off. The methylene 20 
chloride solution is concentrated to 10 ml and, at 0°, is added to a solution of 1 :3 g (4 mmol) of the 
sodium salt of (3R,5R,6R)-2,2-dimethyl-6-hydroxymethylpenam-3Tcarboxylic acid 1 ,1 -dioxide in 20 ml 
of N,N-dimethylacetamide. The mixture is subsequently stirred for 3 hours at 0°, then diluted with ethyl 
acetate and washed three times with water. The organic phase is dried over sodium sulphate and 
25 concentrated in a rotary evaporator. The crude product is purified on 30 g of silica gel with the eluant 25 
system toluene/ethyl acetate (3:1 ). The title compound is obtained in the form of a white foam. 

TLC: silica gel, toluene/ethyl acetate (3:1 ), R f = 0.2 

IR spectrum (CH 2 CI 2 ): absorption bands at 2.75, 5.55, 5.62, 5.68 fx. 

EXAMPLE 26 

30 (3R,5R,6R)-2,2-dimethyt-6-benzy!oxymethylpenam-3-carboxylic acid diphenyimethyi ester 1, 1 -dioxide. 30 
1 69.4 g of potassium permanganate are added to a solution of 237 g (0.487 mol) of (3R,5R,6R)- 
2,2-dimethyl-6-benzyloxymethylpenam-3^carboxylic acid diphenyimethyi ester In 237 ml of 
tetrahydrofuran and 1 litre of glacial acetic acid, the reaction temperature increasing to 36°. The 
mixture is stirred at this temperature for 2f hours and then there are added, In succession, 1 00 ml of 

35 hydrogen peroxide solution (30%) and 4 litres of water. The title compound that precipitates out is 35 
washed with water, dissolved in ethyl acetate and washed in succession with water, aqueous sodium 
bicarbonate solution and water. The organic phase is dried over sodium sulphate and purified with 
active carbon. The resulting title compound is purified by crystallisation from ethyl acetate/hexane. 

EXAMPLE 27 

40 ( 3R,5R, 6S and 6R)-2,2-dimethy1-6-bromo-6-hydroxymethyipenam-3-carboxy1ic acid diphenyimethyi An 
ester 1, 7 -dioxide. 

A solution of 30 g (53.7 mmol) of (3R,5R)-2,2-dimethyl-6,6-dibromopenam-3-carboxylic acid 
diphenyimethyi ester 1 ,1 -dioxide in 1 50 ml of tetrahydrofuran is cooled to. -78°, and 28.2 ml (53.7 
mmol) of a 1 .9M solution of methylmagnesium bromide in diethyl ether are added. After 1 0 minutes at 
45 -78°, formaldehyde gas is passed over the solution while stirring. After 2 hours, 25 ml of glacial acetic 45 
acid are added and the solution is concentrated in a rotary evaporator. The residue is taken up in ethyl 
acetate and washed with aqueous sodium bicarbonate solution and sodium chloride solution. The 
organic phases are dried over sodium sulphate and concentrated in a rotary evaporator. The residue is 
chromatographed on 250 g of silica gel with the solvent system toluene/ethyl acetate 6:1 and yields a 
50 mixture of the title compounds. rr 
Mixture: TLC: silica gel, toluene/ethyl acetate 6:1 R f = 0.28 
IR spectrum (CH 2 CI 2 ): absorption bands at 2.74, 5.53, 5.7 fx. 

' EXAMPLE 28 

(3R,5R,6R)-2,2-dimethyl-6-hydroxymethylpenam-3-carboxylic acid diphenyimethyi ester 1,1 -dioxide 
55 A solution of 25 g (49.2 mmol) of a mixture of (3R,5R,6S and 6R)-2,2-dimethyl-6-bromo-6- « 

hydroxymethylpenam-3-carboxylic acid diphenyimethyi ester 1 ,1 -dioxide and 1 5.7 ml (59 mmol) of 
tnbutyltin hydride in 250 ml of toluene is heated at 80° under a nitrogen atmosphere for 2.5 hours The 
reaction mixture is concentrated and the residue is crystallised from tetrahydrofuran/hexane. Meltina 
point 70 — 75°. * w 
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1, {-dioxide. 6S d 6R) _ 2 ,2-dimethyl-6,6-dibromopenam-3-carooxyiic 

. ^^^^^^^^^^^^^ 

is taken up in ethyl acetate and wasnea w, ™^"° Qlllnha t s and concentrated in a rotary evaporator. 

... ■ * _ t o n 1Q 
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TLC: silica gel, toluene, R f = 0.1 3 
|R spectrum (CH 2 CI 2 ): absorption bands at 5.53, 5.74^ 



15 



15 



20 



on yields the title compound having a melting point of 119—1 ■ 
TLC: silica gel, toluene/ethyl acetate 6:1 , R, = 0.52 
|R spectrum (CH 2 CI 2 ): absorption bands at 3.44, 5.57, 5.73 fi. 

Pharmaceutical preparations A fl „,,,.,- sa i t of / 3R 5R,6R)-2,2-dimethyl-6- 

Examale A Dry-filled ampou es or phials containing 1 g of the sodium salt OT T^ nw _. 
25 SdmCmethylpenam-3-carboxylic acid 1 ,1 -dioxide as active substance are prepared as follows. 25 

Composition (for 1000 ampoules or phials): 

active substance 1000g 

mannitol 100 8 



30 



1100g 

The constituents are homogeneously mixed and in each case 1.1 g of the mixture introduced 30 
•into one ampoule or one phial under aseptic conditions. The ampoules or phials are sealed and tested. 

Ampoules or phials having corresponding quantities of other active substance constituents 
according to the invention are prepared in the same manner. 

Example B Dry-filled ampoules or phials containing 2 g of the sodium salt of «3R- 5 , R ' 6R )^ im ^ y| - 6 - „ 
35 Mroxymethylpenam-3-carboxylicacid 1 ,1 -dioxide as active substance A and 0.2 g of cefotiam as 35 

active substance B are prepared as follows: 

Composition (for 1 000 ampoules or phials): 
active substance A 1 000 9 

active substance B 
40 mannitol 



100g 

100 g s 40 



1200g 



The constituents are homogeneously mixed and in each case 2.4 g of the 
into one ampoule or one phial under aseptic conditions. The ampoules or phials are sealed and tested. 

Ampoules or phials having corresponding quantities of other active substance const.tuents 45 
45 according to the invention are prepared in the same manner. 

Example C Dry-filled ampoules or phials containing 2.0 g of the sodium salt of (3R,5R,6R)-2,2-dimethyl- 
6-hydroxymethylpenam-3-carboxylic acid 1 ,1 -dioxide as active substance A and 0.4 g of cefotiam as 
active substance B are prepared as follows: 



25 
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Composition (for 1000 ampoules or phials): 
active substance A 
active substance B 
mannitol 



2000 g 
400 g 
200 g 

2600 g 



The constituents are homogeneously mixed and in each case 2.6 g of the mixture are introduced 
into one ampoule or phial under aseptic conditions. The ampoules or phials are sealed and tested. 

Ampoules or phials having corresponding quantities of other active substance constituents 
according to the invention are prepared In the same manner. 

10 Example D Dry-filled ampoules or phials containing 2 g of the sodium salt of (3R,5R,6R)-2,2-dimethyl-6- 10 
hydroxymethylpenam-3-carboxylicacid 1,1 -dioxide as active substance A and 1 gofcefotiam as active 
substance B (2:1) are prepared as follows: 

Composition (for 1000 ampoules of phials): 
active substance A 



mannitol 



2000 g 

15 active substance B 1000g 15 

300 g 
3300 g 

The constituents are homQgeneously mixed and in each case 3.3 g of the mixture are introduced 
into one ampoule or phial under aseptic conditions. The ampoules or phials are sealed and tested. 
20 Ampoules or phials having corresponding quantities of other active substance constituents 20 

according to the invention are prepared in the same manner. 

Example E Dry-filled ampoules or phials containing 1 g of the sodium salt of (3R,5R,6R)-2,2-dimethyl-6- 
hydroxymethylpenam-3-carboxylic acid 1 ,1 -dioxide as active substance A and 1 g of cefotiam as active 
substance B are prepared as follows: 



25 



Compound (for 1 000 ampoules or phials): 
active substance A 



active substance B 



mannitol 



25 



1000g 
1000g 
200 g 
2200 g 



30 



The constituents are homogeneously mixed and in each case 2.2 g of the mixture are introduced 30 
into one ampoule or phial under aseptic conditons. The ampoules or phials are sealed and tested. 

Ampoules or phials having corresponding quantities of other active substance constituents 
according to the invention are prepared in the same manner. 

Example F Dry-filled ampoules or phials containing 1 g of the sodium salt of (3R,5R,6R)-2,2-dimethyl-6- 
35 hydroxymethylpenam-3-carboxylic acid 1 ,1 -dioxide as active substance A and 3 g of cefotiam as active 35 
substance B are prepared as follows: 



Composition (for 1000 ampoules or phials): 
active substance A 



active substance B 



1000g 
3000 g 



40 



mannitol 



300 g 



40 



4300 g 

♦ 



The constituents are homogeneously mixed and in each case 4.3 g of the mixture are introduced 
into one ampoule or phial under aseptic conditions. The ampoules or phials are sealed mdttnjM 

Ampoules or phials having corresponding quantities of other active substance constituents 
according to the invention are prepared in the same manner. 

5 Example G Dry-filled ampoules or phials containing 0.25 g of the sodium salt of l3R.5R.6R)-2> 

dS 6 hydroxym 1 ' 25g ° f 
cefotiam as active substance B are prepared as follows: 
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Composition (for 1 000 ampoules or phials): 
active substance A 
active substance B 
mannitol 



250 g 
1250 g 

200 g 
1700g 



10 



The constituents are homogeneously mixed and in each case 1 .7 g of the mixture are introduced 
into one ampoule or phial under aseptic conditions. The ampoules or phials are sealed and tested. 
1 5 Ampoules or phials having corresponding quantities or other active substance constituents 1 5 

according to the invention are prepared in the same manner. 

Example H Dry-filled ampoules or phials containing 0.25 g of the sodium salt of (3R,5R,6R)-2,2- 
dimethyl-6-hydroxymethylpenam-3-carboxylic acid 1 ,1 -dioxide as active substance A and 2.5 g of 
cefotiam as active substance B (1 :10) are prepared as follows: 



20 



25 



Composition (for 1000 ampoules or phials): 
active substance A 
active substance B 
mannitol 



250 g 
2500 g 

200 g 
2950 g 



tested. 



Ampoules or phials having corresponding quantities of other active substance constituents 
according to the invention are prepared in the same manner. 

30 CLAIMS , _ , f . 

1 . 2,2-Dimethylpenam-3-carboxylic acid 1 ,1 -dioxide compounds of the formula 



20 



The constituents are homogeneously mixed and in each case 2.950 g of the mixture are 25 
introduced into one ampoule or phial under aseptic conditions. The ampoules or phials are sealed and 



30 



0 0 




in which 

R, represents hydroxy or etherified or esterified hydroxy, and 
35 R 2 represents carboxyl or protected carboxyl, 35 
and salts of such compounds having a salt-forming group. 

2. Compounds of the formula (I) according to claim 1 in which R t represents hydroxy, lower alkoxy, 
phenyl-lower alkoxy, loweralkanoyloxy, aminothiazolylcarbonyloxy, aminothiadiazolylcarbonyloxy, 
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lower alkoxycarbonyloxy, carbamoyloxy, N-mono- or N,N-di-lower alkylcarbamoyloxy, lower 
alkanesulphonyloxy, arenesulphonyloxy, or hydroxysulphonyloxy (or a salt thereof) and R 2 represents 
carboxy or carboxy esterified in a form that can be split under physiological conditions, as well as the 
. pharmaceutical^ acceptable salts of such compounds containing a salt-forming group. 
5 3. Compounds of the formula (I) according to claim 1 or 2 in which R, represents methoxy, 5 

benzyloxy, formyloxy, acetoxy, 2-amino-1 ,3-thiazol-4-yl-carbonyfoxy, 5-amino-1 ,2,4-thiadiazol-3- 
. ylcarbonyloxy, N-methylcarbamoyloxy, N,N-dimethylcarbamoyloxy, methanesulphonyfoxy, 
benzenesulphonyloxy or toluenesulphonyloxy. 

4. Compounds of the formula (I) according to any preceding claim in which R 2 represents a lower 

1 0 alkanoyloxymethoxycarbonyl, amino-lower alkanoylmethoxycarbonyl, phthalidyloxycarbonyl, 4- 1 0 

crotonolactonyl, gamma-butyrolacton-4-yl, indanyloxycarbonyl, or 1-ethoxycarbonyloxy-ethoxycarbonyl 
group. 

5. Compounds of the formuaj (I) according to any preceding claim in which R 2 represents 
acetoxymethoxycarbonyl, pivaloyloxymethoxycarbonyl, 2-phthalidyloxycarbonyl or 5- 

15 indanyloxycarbonyl, 15 

6. Compounds of the formula (I) according to any one of claims 1 to 4 in which R 2 represents an a- 
amino-lower alkanoyloxymethoxycarbonyl group. 

7. Compounds of the formula (I) according to claim 6 in which R 2 represents 
glycyloxymethoxycarbonyl, L-valyloxymethoxycarbonyl or L-leucyloxymethoxycarbonyl. 

20 8. Compounds of the formula (I) according to claim 1 in which R, represents hydroxy, methoxy or 20 
benzyloxy and R 2 represents carboxy, and the pharmaceuticaily acceptable salts thereof. 

9. Compounds of the formula (I) according to claim 1 in which R, represents hydroxyy. 

10. Compounds of the formula (I) according to any preceding claim of which the 6-position has 
the R-configuration. 

25 11. (SR^R^RJ^^-Dimethyl-e-hydroxymethylpenam-S-carboxylicaciddiphenylmethyl ester 1,1- 25 
dioxide. 

12. (3R,5R,6R)-2,2-Dimethyl-6-hydroxymethylpenam-3-carboxylic acid 1,1 -dioxide sodium salt. 

13. (3R,5R,6R)-2,2-Dimethyl-6-hydroxymethylpenam-3-carboxylic acid pivaloyloxy methyl ester 
1,1 -dioxide. 

30 1 4. The pharmaceuticaily acceptable salts of compounds according to any one of patent claims 30 
1 — 1 0 having a salt-forming group. 

1 5. Pharmaceutical preparations containing a compound of the formula (I) according to any one of 
claims 1 — 1 2 or 1 4 or a pharmaceuticaily acceptable salt of such a compound having a salt-forming 
group. 

35 1 6. Pharmaceutical preparations containing the compound according to claim 13. .35 

1 7. Pharmaceutical preparations containing a compound of the formula (I) according to any one of 
patent claims 1 — 1 2 or 1 4 or a pharmaceuticaily acceptable salt of such a compound having a salt- 
forming group, and a ^-lactam antibiotic. 

18. Pharmaceutical preparations containing the compound according to claim 13 and a /^-lactam 

40 antibiotic. 40 

1 9. Compounds of the formula (I) and salts thereof according to any one of patent claims 1 — 1 2 
or 1 4 for the use in a method of therapeutical treatment of the human or animal body. 

20. The compound according to claim 13 for the use in a method of therapeutical treatment of the 
human or animal body. 

45 "21. Compounds of the formula (I) and salts thereof according to any one of claims 1 — 1 2 or 1 4 az 45 

/3-lactamase inhibiting agents. 

22. The compound according to claim 13 as ^-lactamase inhibiting agents. 

23. Use of a compound of the formula (I) according to any one of claims 1 — 12 and 14 and salts 
of such compounds having a salt-forming group for the manufacture of pharmaceutical preparations. 

50 24. Use of a compound of the formula (I) according to claim 1 3 for the manufacture of 50 

pharmaceutical preparations. 

25. Process for the manufacture of compounds of the formula (I) and salts of such compounds 
haying a salt-forming group, according to claim 1 , characterised in that 
' a) a compound of the formula 
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(Ila), 55 
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in which R, and R 2 have the meanings mentioned under formula (I) and the index n has the value 0 or 1 , 
is oxidised in the 1 -position, or 

b ) a r — CH 2 — group is introduced into a compound of the formula 

■ ■ 




5 in which R 2 represents a protected carboxyl group, or 
c) in a compound of the formula 




(lie), 



in which R« and R, have the meanings mentioned under formula (I) and Y represents a group that can be 
converted into a hydrogen atom, the Y group is converted into a hydrogen atom, and, if desired or 
1 n necessary, in a resulting compound a group R t is converted into a different group R v and/or a group R 2 
is converted into a different group R 2 and/or a resulting salt is converted into the free compound or into 
a different salt and/or a resulting free compound having a salt-forming group is converted into a salt, 
and/or a resulting mixture of isomeric compounds of the formula (I) is separated into the individual 

isomer^ according to claim 25, characterised in that a compound of the formula 




(II). 



in which R, and R 2 have the meanings mentioned under formula (I) and the index n has the value 0 or 1 , 
is oxidised in the 1 -position and, if desired or necessary, in a resulting compound a group R t is 
converted into a different group R t , and/or a group R 2 is converted into a different group R 2 , and/or a 
20 resulting salt is converted into the free compound or into a different salt, and/or a resulting free 

compound having a salt-forming group is converted into a salt, and/or a resulting mixture of isomeric 
compounds of the formula (I) is separated into the individual isomers. 

27. The compounds obtainable according to claim 25. 

28. The compounds obtainable according to claim 26. 
25 29. Compounds of the formula 
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Rf-CH 2 




(ID. 



R 2 

in which 

R, represents hydroxy or etherified or esterified hydroxy, 

R 2 represents carboxyl or protected carboxyl, and the index n have the value 0 or 1 
5 and salts of such compounds having a salt-forming group. 

„f c, ,1°' Process j or u the manufacture of compounds of the formula (II) according to claim 29 and salts 
of such compounds having a salt-forming group, characterised in 
a) a R, — CH 2 — group is introduced into a compound of the formula 



10), 



T 



H S 




(III), 



1 0 in which the index n has the value 0 or 1 R 2 represents an esterified carboxyl group or 
b) in a compound of the formula 



10 
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(IV), 



in which R 1f R 2 and the index n have the meanings mentioned under formula (II) and Y represents a 
group that can be converted into a hydrogen atom, the Y group is converted into a hydrogen atom and 
if desired or necessary, in a resulting compound a group R t is converted into a different group R„ and/or 1 5 
a group R is converted into a different group R 2 , and/or a resulting 1 -sulphide into a 1 -sulphoxide or a 
resulting 1 -sulphoxide is converted into a 1-sulphide, and/or a resulting salt is converted into the free 
compound having a salt-forming group is converted into a salt, and/or a resulting mixture of isomeric 
compounds of the formula (II) is separated into the individual isomers. 

31. Compounds ofthe formula (I) according to claim 1 substantially as hereinbefore described 
with reference to any one of Examples 3 — 6, 1 6, 1 9 and 22 30. 

. 32. Compounds of the formula (II) according to claim 29 substantially as hereinbefore described 
with reference to any one of Examples 1 ,2,7—1 5, 1 7, 1 8, 20 and 2 1 . 

oc < c 33 ' pha A rma ^utical preparations substantially as hereinbefore described with reference to any one 
25 .of Examples A — H. r 
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